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(A)  Filter  performance  is  dependent  upon  three  major  factors,  basic  design 
Q  of  coil  and  capacitor  elements . . .  and  precision  of  adjustment.  The  sup< 
ority  of  UTC  products  in  this  field  has  been  effected  through  many  years 
research  and  development  on  core  materials  and  measuring  apparatus.  ^ 
illustrate  below  a  typical  filter  formula  cmd  some  of  the  UTC  apparatus  us 
to  determine  quantitative  and  qualitative  values: 


(C)  The  UTC  oscillator  is  direct  reading, 
where  the  frequency  desired  is  set  as  in  a 
four  digit  decade  box.  and  is  accurate  with¬ 
in  1  cycle  at  1.000  cycles.  The  range  is  10 
cycles  to  100  kc.  Accuracy  of  this  type  is  es¬ 
sential  with  filters  having  sharp  attenuation 
characteristics. This  instrument  is  augmented 
by  a  UTC  harmonic  analyzer  for  the  output 
measuring  device. 


(D)  The  UTC  Q  meter  is  a  unique  a 
which  has  helped  considerably  in  iki 
velopment  of  the  special  core  malerioli 
in  our  filters.  It  is  also  of  importance  ini 
taining  uniform  quality  in  our  pro-'' 
coils.  The  Q  is  read  directly  and  cover 


(B)  The  UTC  inductance  bridge  is 
capable  of  four  digit  accuracy  and 
covers  a  range  from  extremely  low 
values  to  over  100  Hys.  The  effective 
resistance  and  inductance  values  are 
direct  reading,  eliminating  the  pos¬ 
sibility  of  error  in  conversion. 
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One  retuon  why  Tobe  CmpaeUorg  have 
forged  to  the  front  is  their  consistently 
long  life.  But  there^s  another  rea> 
son  —  the  successful  pioneering 
work  of  Tobe  engineers. 

j  T ake  as  an  example  the  CA— 355, 

=  shown  below  in  streamlined,  her¬ 

metically  sealed  drawn  contain- 
er.  It  is  ]^ing  used  in  large  quan- 
4  titles  by  the  U.  S.  Army  Signal 
1 1  (>orp8  in  front  line  telephones. 


Tobe  is  the  only  manufacturer 
fumisl^g  this  capacitor  in  a 
drawn  container. 

The  CA— 355  is  just  one  instance 
of  Tobe  engineering  ingenuity  in 
developing  and  perfecting  new 
dcrices.  However  tough  your  own 
condenser  problems  we  invite  the 
opportunity  for  our  engineers  to 
help  you  solve  them.  Please  get 
in  touch  with  us. 


LOIV'G-LIFE  ASSURED 

For  This  Vnique  Capacitor 


SPEt;iFICATIONS-CA-355 

Wax  inipreanaled,  nax  filled  capacitf>r 

Capacity  Rating: . 2.0— 0.5— 0.3  iiifd.  ^  ^  I 

Voltage  Rating: . . 200  D  (]  • 

Power  Factor 1000  cy  cles  .01  maximum 
Resistance:. ...2000  megohms  per  microfarad  ^  * 

Dimension:  1"  depth— 2^/^"  length— 21/^"  height 

Meets  requirements  of  V.  S.  Army  Signal  Corps 


A  small  part  in  victory  today-^A  BIG  PART  l!V  INDUSTRY  TOMORROR 
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IC  Because  it  has  undergone  such 
remendous  expansion,  the  electron- 
es  industry  is  particularly  con- 
emed  with  two  phases  of  govern- 
nent'industry  relations  that  are 
low  receiving  intense  consideration 
n  Washington,  namely,  the  proce- 
lures  that  are  to  be  established  for 
ancellation  of  contracts  and  those 
rhich  are  to  be  set  up  for  renegotia- 
ion  of  present  contracts. 

As  regards  cancellations,  the  prin- 
ipal  procurement  officials  agree 
hat  whatever  program  is  set  up 
oust  meet  two  primary  requisites, 
'irst,  manufacturers  must  be  as- 
iured  that  government  will  put  con- 
ract  termination  on  a  basis  to 
over  costs  and  profits  not  only  on 
hat  part  of  the  contract  that  has 
)een  completed  but  also  to  permit  a 
irofit  on  the  uncompleted  portion  in 
trder  to  cover  time,  planning,  mate- 
•ia!s,  capital  tied  up,  etc.  Second, 
he  procedures  must  provide  for 
needy  adjustment  in  order  that 
)oth  prime  and  subcontractors  will 
lave  capital  to  effect  a  change-over 
rum  war  production  to  peace  pro- 
luction,  with  the  least  disturbance 
0  employment  and  plant  organiza- 
ion. 

Contract  Adjustment  Speed — 
Manufacturers  are  told  that  delays 
urrently  encountered  in  the  settle- 
nent  of  cancelled  contracts  are 
argely  due  to  the  time  lapse  be- 
iween  notice  of  cancellation  and  the 
ubmission  of  claim  statements. 
This  is  tantamount  to  a  warning 
that  a  large  part  of  the  job  is  up  to 
the  manufacturers  themselves. 

Attention  is  directed  to  Procure¬ 
ment  Regulation  15,  a  handbook  on 
cariLt-lhition  management,  described 
as  a  “tentative  guide”.  Also,  a  man- 
:iial  which  has  been  published  re¬ 
cently  by  the  Fiscal  Division  of  the 
Department  is  available  for 
hist  where  auditing  is  necessary. 

[  Conirressional  Action — Concern 
of  Congress  over  conversion  financ¬ 
ing  is  evident  in  the  bill  introduced 
ic  Senator  Murray  (D)  of  Montana, 
<  (  airman  of  the  Small  Business 
ittee  of  the  Senate.  It  pro¬ 


vides,  among  other  things,  that 
within  30  days  of  the  filing  of  a  con¬ 
tract  claim,  the  government  would 
be  obligated  to  pay  75  percent  of  it, 
with  the  stipulation  that  any  over¬ 
payment  would  be  returned  to  the 
government  with  6  percent  interest. 

Such  payments,  it  is  said,  would 
give  contractors  cash  needed  for 
immediate  postwar  planning.  Un¬ 
questionably,  this  bill  will  undergo 
many  refinements  and  changes  be¬ 
fore  it  reaches  the  stage  of  final 
enactment. 

Renegotiation  Palaver — As  for 
renegotiation,  the  powerful  Ways 
and  Means  Committee  of  the  House 
has  completed  extensive  hearings 
on  the  issue  as  to  whether  the  pres¬ 
ent  law  should  be  changed.  It  is 
not  possible  to  determine  yet 
whether  it  will  reach  any  different 
conclusions  from  that  arrived  at  by 
the  Naval  Affairs  Committee  after 
similar  hearings,  that  is,  in  favor 
of  retaining  the  present  law  in  its 
essentials.  Government  procure¬ 
ment  agencies,  including  the  Army 
and  Navy,  are  dead  set  against  re¬ 
peal. 

Manpower  Pressure  —  Recogniz¬ 
ing  the  No.  1  problem  of  industry 
now  as  manpower,  Donald  Nelson, 
Chairman  of  WPB,  has  issued  a  di¬ 
rective  in  which  procurement 
agencies  are  told  not  to  place  con¬ 
tracts  in  areas  of  acute  labor  short¬ 
age  whenever  it  is  practical  to  place 
the  contract  elsewhere.  As  soon  as 
the  demand  for  an  item  diminishes, 
contracts  will  be  terminated  in  la¬ 
bor  shortage  areas.  On  the  Pacific 
Coast  the  order  prohibited  any  fur¬ 
ther  contracts  involving  employ¬ 
ment  increases  without  approval  of 
WPB. 

Flow'ers  for  Industry — The  con¬ 
tribution  of  the  Electronics  Indus¬ 
try  to  the  war  in  terms  of  dollar 
volume  was  impressively  set  forth 
in  a  recent  statement  by  Brig.  Gen. 
John  R.  Gardner,  Assistant  Chief, 
Procurement  and  Distribution  Serv¬ 
ice,  Signal  Corps. 

Since  September  1941,  the  Signal 
Corps  has  ordered  $7,000,000,000 


worth  of  radio,  telephone,  wire  and 
other  communications  equipment. 
Deliveries  of  equipment  for  1943 
must  total  $3,250,000,000,  about  two 
and  one-half  times  the  1942  produc¬ 
tion.  In  1944,  the  production  must 
represent  $4,500,000,000  worth  of 
material,  one  third  more  than  in 
1943.  From  now  on,  monthly  pro¬ 
duction  must  exceed  12  times  that 
of  the  entire  prewar  radio  industry. 
In  1944,  the  volume  of  all  Air 
Forces  signal  equipment  will  be 
approximately  two-thirds  greater 
than  in  1943. 

Tubes  for  Civilians — Current  re¬ 
port  to  the  effect  that  a  large  num¬ 
ber  of  U.  S.  radio  homes  are  with¬ 
out  radio  service  because  of  lack  of 
critical  tubes  and  batteries  as  well 
as  repair  service  is  discounted  by 
Radio  and  Radar  officials  of  WPB. 
As  a  matter  of  fact,  it  is  pointed  out, 
a  recent  survey  shows  only  a  pos¬ 
sible  5  percent  without  one  or  more 
radios  in  working  order. 

Tubes  for  civilians  totalled  be¬ 
tween  one  and  one  and  a  half  mil¬ 
lion  in  July,  over  a  million  in  Au¬ 
gust  and  probably  about  that  num¬ 
ber  for  September. 

Mica  Relaxation  —  Several 
changes  have  been  effected  in  the 
definition  of  and  availability  of  sub¬ 
stitute  grades  of  mica  in  WPB’s 
Conservation  Order  M-101,  in  view 
of  the  present  shortages. 

Definitions  of  “strategic  mica” 
and  “scrap  mica”  have  been  rewrit¬ 
ten  to  eliminate  questions  of  inter¬ 
pretation.  The  prohibition  on  the 
use  of  larger  grades  and  higher 
qualities  than  usually  required,  for 
particular  purposes,  and  the  prohi¬ 
bition  against  fabrication  of  larger 
sizes  than  required  to  produce  a 
certain  pattern,  have  been  changed 
so  that  relief  may  be  obtained  by 
authorization  rather  than  by  a  for¬ 
mal  appeal. 

Fly,  on  Frequency — Speaking  be¬ 
fore  the  Federal  Radio  Education 
Committee  recently  in  Washington, 
FCC  Chairman  James  L.  Fly  pointed 
out  that  “Whole  new  portions  of  the 
spectrum,  formerly  deemed  useless, 
have  been  opened  up  through  war¬ 
time  research,  while  the  e.xpanding 
need  for  world-wide  communica¬ 
tions  and  especially  the  vast  new 
aviation  uses  of  radio,  will  probably 
crow’d  the  postwar  ether  even  more 
tightly  than  the  comparatively 
small  spectrum  was  jammed  before 
the  war.” — G.t.m. 
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Metallurgical  Help  for 
^^The  Little  Man  Who  Isn’t  There*’ 


gyro-pilot  is  aptly  nicknamed  the  '^Little  Man  Who 
Isn’t  There.”  The  device  provides  marvelous  relief  for 
pilots  on  distance  flights,  keeping  the  plane  on  its  course 
with  uncamiy  accuracy,  despite  wind  and  weather. 


Developing  the  newest  and  most  efficient  gyro-pilot  posed 
•  some  pretty  problems  for  the  maker,  including  a  design 
that  called  for  unusual  rotor  rings.  They  required  a  metal 
with  the  greatest  weight  that  could  be  contained  in  the 
smallest  possible  area. 


Having  worked  with  Mallory  on  other  applications,  the 
manufacturer  asked  Mallory  to  find  the  metal — and  with¬ 
out  delav. 


A  Mallory  material  —  Mallory  1000  —  was  suggested.  It 
is  a  material  of  high  specific  density  and  provides 


maximum  mass  weight  in  minimum  space.  It  filled  the 
bill  exactly. 


Here  again  was  proof  that  metallurgical  progress  grows 
from  meeting  the  service  needs  of  many  industries. 
Mallory  1000  was  developed  originally  to  shield  the 
gamma  radiation  in  radium  beam  therapy.  Now  its  ap¬ 
plications  extend  not  only  to  gyro-pilots  but  to  fly  wheels 
and  counterweights  in  aircraft  where  space  is  at  a  premium. 


Where  product  plans  call  for  experience  and  ’'know-how” 
with  contact  designs  and  materials,  Mallory  engineers 
and  metallurgists  may  give  real  help.  Bring  your  problems 
to  them. 


WMe  the  design  is 
still  in  blueprint  form 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS,  INDIANA 


Cable  Address — PELMALLO 


CONSULT  MALLOXY 

for  Contacts  and 
Contact  Assemblies 


ELECTRICAL  CONTACTS  AND  ^ 
CONTACT  ASSEMBLIES 
NON  FERROUS  ALLOYS 
POWDERED  METAL  ALLOYS 
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JOY-KILLER  .  .  .  We  do  not  enjoy  “viewing  with 
larm”  the  present  whoopla  about  electronics,  about 
11  the  wonderful  gadgets  everybody  will  want  to 
wn  after  the  war,  gadgets  using ^tubes.  But  elec- 
ronics  is  the  present  gift  of  the  gods  to  copywriters 
nd  maybe  you  think  they  are  not  going  to  town  with 
t.  A  popular  indoor  sport  today  is  to  watch  the  prom- 
ies  being  made  the  public  about  the  future  of  elec- 
onics,  promises  engineers  will  have  to  make  good 


Not  long  ago  this  office  was  visited  almost  daily  by 
epresentatives  of  brokerage  houses  wanting  advice 
to  the  stocks  their  clients  should  buy  to  get  in  on 
e  ground  floor  of  the  big  electronic  boom.  This 
base  has  passed;  now  visitors  are  the  post-war  re¬ 
arch  men  from  companies  whose  job  is  to  dig  up 
ot  electronic  items  which  should  be  made  after  the 


An  executive  of  a  large  eastern  company  writes 
is  office  stating  that  several  of  his  friends  are 
oing  to  make  some  electronic  devices — but  what 
evice,  he  asks,  should  they  make?  And  where  can 
ey  get  a  staff  of  good  engineers ! 

All  these  straws  in  the  wind  indicate  that  people 
not  know  the  facts  of  life  about  electronics. 

The  bald  truth  is  that  electronics,  as  an  industry, 
as  existed  for  years.  Just  as  in  the  past,  radio  re¬ 
iver  <  and  tubes  will  be  the  big  immediate  post-war 
ecti  '  nic  business.  Bigger  than  ever,  no  doubt. 

So  far  as  the  use  of  vacuum  tubes  in  controlling 
dustrial  processes  is  concerned,  this  is  old  stuff, 
dustry  will  buy  more  electronics  than  it  ever  has, 
ank  to  the  speed-up  during  the  war,  and  thanks 
some  new  devices  developed  by  the  war.  Com- 
anies  which  pooh-poohed  the  whole  idea  before 
®arl  Harbor  have  now  been  exposed  to  the  elec¬ 


tronic  idea,  and  will  be  more  receptive  after  the  war. 

But  there  is  still  no  single  bit  of  package  merchan¬ 
dise  using  tubes  (except  radio  sets)  which  can  be 
sold  by  the  millions — and  that  seems  to  be  what  many 
post-war  thinkers  want. 

►  SONICS  ...  In  response  to  an  inquiry,  a  large 
dairy-product  laboratory  admitted  that  some  work  on 
supersonics  had  been  carried  out  unsuccessfully,  but 
finally  said,  “The  main  newsworthy  item  was  the 
complaints  made  by  those  living  in  the  immediate 
neighborhood  of  the  noise  of  the  method.” 

►  1922  ...  “I  should  like  to  refer  to  another  possible 
application  of  these  (short)  waves  which,  if  success¬ 
ful,  would  be  of  great  value  to  navigators. 

“As  was  first  shown  by  Hertz,  electric  waves  can  be 
completely  reflected  by  conducting  bodies.  In  some 
of  my  tests  I  have  noticed  the  effects  of  reflection 
and  deflection  of  these  waves  by  metallic  objects 
miles  away. 

“It  seems  to  me  that  it  should  be  possible  to  design 
apparatus  by  means  of  which  a  ship  could  radiate 
or  project  a  divergent  beam  of  these  rays  in  any 
desired  direction,  which  rays,  if  coming  across  a 
metallic  object,  such  as  another  steamer  or  ship, 
would  be  reflected  back  to  a  receiver  screened  from 
the  local  transmitter  on  the  sending  ship,  and  thereby 
immediately  reveal  the  presence  and  bearing  of  the 
other  ship  in  fog  or  thick  weather. 

“One  further  great  advantage  of  such  an  arrange¬ 
ment  would  be  that  it  would  be  able  to  give  warning 
of  the  presence  and  bearing  of  ships,  even  should 
these  ships  be  unprovided  with  any  kind  of  radio.” — 
Guglielmo  Marconi  on  the  occasion  of  the  presenta¬ 
tion  of  the  IRE  Medal  of  Honor,  January  20,  1922. 
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Frequency  allocation  is  the  key  to  expanded  broadcast 
service.  Current  research  in  connection  with  military 
projects  will  lead  to  important  developments  in  the  ci¬ 
vilian  equipment  field.  Planning  for  new  services  is  defi¬ 
nitely  a  war-time  project  calling  for  clear  thinking 

By  BEVERLY  DUBLEY 

Writtrrn  Editor 


IN  LABORATORIES  and  electronic 
equipment  factories  throughout 
the  country,  hope  runs  high  that 
there  will  be  vast  distension  of  the 
radio  communication  system  through 
the  extension  of  the  useful  portion  of 
the  electromagnetic  spectrum.  This 
is  expected  to  be  one  result  of  re¬ 
search  so  greatly  stimulated  by  the 
present  war. 

Vast  demands  on  frequency  alloca¬ 
tion  are  bound  to  be  made  upon  the 
conclusion  of  hostilities,  and  un¬ 
doubtedly  most  of  the  new  services 
requesting  space  in  “the  ether”  will 
be  able  to  show  that  their  proposals 
are  in  the  public  interest. 

High  up  on  the  list  of  services  to 
which  serious  attention  is  bound  to 
be  given  in  any  program  of  frequency 
allocation  are  two  which  will  pro¬ 
foundly  affect  the  citizenry  of  this 
country  in  the  post-war  era:  (1)  fre¬ 
quency  modulation  and  (2)  tele¬ 
vision. 

War  Stimalates  Research 

In  many  respects,  conditions  in 
World  War  II  are  very  similar  to 
those  of  World  War  I.  The  engineer 
and  scientist  will  be  quick  to  recog¬ 
nize  that,  in  the  field  of  technology, 
both  wars  goaded  us  into  accelerated 
research  activity  which  has  had  (or 
will  have)  a  tremendous  impact  on 
the  post-war  era. 

After  World  War  I  radio  broad¬ 
casting  became  possible  and  popular 


and  was  responsible  for  building  up 
one  of  the  major  manufacturing  in¬ 
dustries  of  the  United  States.  It  is 
expected  that  World  War  II  will  like¬ 
wise  make  tremendous  contributions 
to  the  civilian  communication  system 
by  way  of  frequency  modulation  and 
television,  both  of  which  were,  tech¬ 
nically,  developed  prior  to  December 
7,  1941  to  a  point  far  beyond  the 
radiotelephone  equipment  of  1918 
which  ultimately  led  to  radio  broad¬ 
casting. 

Both  frequency  modulation  and 
television  have  market  potentialities 
which,  properly  exploited,  can  make 
broadcasting  services  which  have 
gone  before  pale  into  comparative  in¬ 
significance.  When  the  technical  de¬ 
velopments  which  have  led  to  these 
two  new  services  are  combined  with 
the  extended  frequency  spectrum 
which  war  research  has  made  prac¬ 
tical,  there  is  good  reason  for  optim¬ 
ism.  A  very  much  expanded  radio 
industry  (some  will  wish  to  call  it  a 
completely  new  industry)  may  well 
be  expected  to  arise  as  a  result  of 
technological  advantages  and  socio¬ 
logical  advantages  which  f.m.  and 
television  make  possible. 

Technical  developments  of  them¬ 
selves  are  of  little  or  no  practical  im¬ 
portance  without  a  definite — and  ap¬ 
propriate —  application  to  the  needs 
of  society  at  large.  The  time  is  ripe 
for  the  radio  industry  to  take  those 
steps  which  will  lead  to  the  definite 


and  appropriate  application  of  fr^ 
quency  modulation  and  television  to 
the  post-war  needs  of  society. 

The  benefits  to  accrue  from  the 
establishment  of  a  definite  program 
of  frequency  allocation,  technical 
standards  of  operation,  and  the 
mechanism  by  which  post-war  pro¬ 
duction  of  civilian  radio  equipment  is 
to  be  inaugurated  are,  of  course, 
post-war.  The  program  itself,  how- 
ever,  is  definitely  a  part  of  our  war 
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activity;  if  the  planning  itself  is 
relegated  to  the  post-war  period 
“cny  needless  obstructions  will 
loubtless  occur  during  the  recon- 
truction  period.  Not  only  will  fre- 
iiuency  modulation  and  television 
have  the  capability  of  aiding  post¬ 
war  emplojrment,  but  these  services 
will  also  lead  to  important  dissemina¬ 
tion  of  education  and  entertainment, 
ind  can  make  possible  a  more  rapid 
md  more  intelligent  reconstruction. 

Advaae*  Planning  Essnntial 

The  problems  calling  for  attention 
ire  many  times  more  difficult  than 
hose  requiring  the  allocation  of 


frequencies  after  broadcasting  prac¬ 
tically  suffocated  itself  out  of  exis¬ 
tence  by  “360-meter”  operation.  A 
highly  complicated  radio  communica¬ 
tion  system  is  already  in  satisfactory 
operation,  and  the  interests  vested  in 
this  field  cannot  be  lightly  nor  quickly 
brushed  aside  even  if  this  were  tech¬ 
nically  desirable.  At  the  same  time 
many  new  types  of  services  may  be 
expected  to  make  a  bid  for  their 
share  of  channel  space. 

Extensions  of  world-wide  point-to- 


point  communication,  of  ,  aviation 
radio,  of  personal  transmitters  and 
receivers,  of  new  range  and  direction¬ 
finding  methods  in  the  communica¬ 
tion  field  will  require  channel  assign¬ 
ments,  as  will  probably  also  industrial 
developments  in  the  electronics  field 
such  as  diathermy,  electronic  heat¬ 
ing,  intrusion  detectors  and  locators. 

Neither  f.m.  nor  television  services 
can  develop  to  their  full  potentialities 
if  allowed  to  grow  at  random  and 
without  the  cooperation  of  the  entire 
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industry.  Engineers  well  know  the 
many  technical  problems  which  must 
be  overcome  in  order  that  a  com¬ 
plete,  nation-wide  system  may  be 
installed  and  operated  satisfactorily. 
The  American  system  also  requires  a 
minimum  of  jurisdiction  from  gov¬ 
ernmental  agencies  and  the  freest  ex¬ 
pression  of  individual  initiative  for 
the  full  flowering  of  the  maximum 
benefits  to  all.  Thus,  the  radio  indus¬ 
try  has  a  double  challenge. 

What  are  some  of  the  problems 
facing  the  full  and  complete  utiliza¬ 
tion  of  the  technical  achievements  of 
frequency  modulation  and  television? 
To  answer  these  questions,  it  may  be 
well  to  review  the  status  of  these  two 
t3l>es  of  communication  systems  as 
of  the  time  when  events  at  Pearl  Har¬ 
bor  brought  the  United  States  into 
the  present  war. 


Sammary  of  Progross  to  M*Day 


Broadcasting  by  the  then  relatively 
new  method  of  frequency  modulation 
was  in  a  promising  position  when 
this  country  went  on  a  war  basis. 
The  f-m  system  was  furnishing  good 
service,  was  receiving  favorable  pub¬ 
lic  acceptance,  and  was  growing 
rapidly  and  soundly. 

The  Federal  Communications  Com¬ 
mission  bad  set  up  complete  stand¬ 
ards  for  f-m  broadcasting  and  had 
placed  this  service  in  the  category 
of  commercial  broadcasting.  It  has 
been  estimated  that  as  many  as  500,- 
000  f-m  receivers  (or  combination 
a-m  and  f-m  sets)  had  been  sold. 
The  majority  of  manufacturers  were 
either  selling  f-m  receivers  or  were 
planning  to  do  so.  Many  f-m  stations 
were  in  operation  or  under  construc¬ 
tion  and  the  FCC  had  nearly  two 
hundred  requests  for  permits  for  f-m 
facilities  on  hand. 

Several  years  of  experience  in  f-m 
broadcasting  as  well  as  in  the  manu¬ 
facture  of  f-m  receivers  indicates 
that  the  present  system  is  completely 
commercial  from  a  technical  point  of 
view,  although  it  could  probably  be 
improved  by  reconsidering  the  chan¬ 
nel  assignments  for  this  class  of 
service  and  by  granting  permission 
to  increase  the  power  of  f-m  trans¬ 
mitters  so  that  improved  signal 
strength  would  expand  the  proposed 


service  areas. 


By  December  1941  television  engi¬ 
neering  had  progressed  to  a  point 
where  pictures  of  satisfactory 
definition,  detail,  and  freedom  from 
flicker,  having  high  entertainment 


and  educational  value,  could  be  pro¬ 
duced  and  made  to  serve  large 
audiences  in  metropolitan  areas. 

Most  promising  development  was 
in  the  realm  of  black  and  white  pic¬ 
tures,  but  a  mechanical  system  of 
color  television  had  been  in  satisfac¬ 
tory  operation  and  had  received  con¬ 
siderable  attention.  Satisfactory 
agreement  on  television  standards 
had  been  reached,  after  considerable 
time  and  effort,  and  the  stage  was  set 
for  commercial  broadcasting ;  in  fact, 
the  Federal  Communications  Com¬ 
mission  had  adopted  regulations 
making  commercial  television  pos¬ 
sible. 

A  division  of  television  services 
into  two  frequency  allocations  had 
been  made.  One  band  extended  from 
approximately  50  to  100  me.;  the 
other  band,  starting  in  the  vicinity 
of  150  me.,  extended  somewhat  be¬ 
yond  200  me.  The  intermediate 
region  was  not  opened  for  television 
service.  This  assignment  of  two  sepa¬ 
rate  channels  is  bound  to  come  in  for 
consideration  at  some  later  date.  Full 
utilization  of  the  capabilities  of  tele¬ 
vision  rests  on  an  economic  and 
manufacturing  structure  which  will 
make  receivers  available  at  a  reason¬ 
able  price  to  the  average  American 
family.  A  split  frequency  allocation 
for  television  service  complicates  en¬ 
gineering  design  and  increases  manu¬ 
facturing  costs.  Engineers  already 
familiar  with  this  condition  question 
the  advisability  of  initiating  post¬ 
war  television  services  with  split- 
channel  frequency  allocation. 

The  problem  of  propagation  of  tele¬ 
vision  signals  has  not  been  adequately 
surveyed,  although  progress  is  being 
made  in  this  direction.  Some  evidence 
appears  to  be  forthcoming  that  the 
lower-frequency  channels  are  freer 
from  ghosts  or  undesirable  reflec¬ 
tions,  but  the  wide  band  required  for 
modulation  of  television  signals 
clearly  indicates  some  advantage  in 
going  to  higher  carrier  frequencies. 
The  number  of  channels  currently 
available  in  the  low-frequency  band 
is  probably  wholly  inadequate  if  tele¬ 
vision  is  to  become  an  important 
factor  in  the  life  of  the  average 
American  citizen.  Good  economics 
and  good  engineering  seem  to  call  for 
more  channels  in  a  single  television 
band. 

F.M.  is  extensively  used  by  the 
armed  forces  and  a  great  deal  of 
communication  equipment  made  for 
use  in  this  war  employs  principles 


and  techniques  similar  to  th  se  re¬ 
quired  for  television. 


CoiitribiitioRt  from  War-time 
Dovolepmontt 


Frequency  modulation  has  b  en  ex¬ 
tensively  adopted  by  the  armed  force* 
and,  as  a  result,  engineers  have 
gained  much  valuable  experience  in 
the  design  and  construction  of  equip, 
ment.  Many  engineers  have  been 
trained  anew  in  this  comparatively 
recent  technical  development  and  will 
be  able  to  bring  their  abilities  to  bear 
on  civilian  communication  activities 
or  in  industrial  electronics.  It  would 
seem  that  the  most  important  thing 
which  has  been  learned  about  fre¬ 
quency  modulation  as  a  result  of  war 
activity  is  greater  respect  for  it. 

Pre-war  television  work  has  been 
of  considerable  value  to  this  country 
in  its  war  effort  by  providing  trained 
personnel  and  devices  which  permit¬ 
ted  rapid  progress  to  be  made  in  our 
program  of  war  production  of  special 
military  equipment.  Many  thousani^ 
of  skilled  engineers,  scientists  and 
mathematicians  have  been  organized 
into  a  vast  network  of  laboratories 
throughout  the  country  for  scientific 
research  activities.  The  work  which 
these  groups  are  doing  parallels  tele¬ 
vision  research  and  many  of  the 
benefits  of  war-time  research  will 
be  carried  over  into  peace-time  en¬ 
deavors. 

Civilian  radio  equipment  also 
stands  to  gain  in  the  quality  of  com¬ 
ponents  going  into  all  types  of  trans¬ 
mitting  and  receiving  gear,  since 
manufacturers  are  now  well  ac¬ 
quainted  with  the  necessity  of  build 
ing  well  (rather  than  to  a  price) 
They  have  been  forced  to  install 
temperature,  humidity,  and  other  test 
equipment  to  assure,  so  far  as  is 
humanly  possible,  that  equipment  v 
meet  military  specifications  and  wi 
not  fail  in  practice.  The  industry  has 
every  opportunity  to  carry  over  into 
its  peace-time  program  this  concep' 
of  quality.  If  the  industry  as  a  whole 
capitalizes  on  this  experience  and 
forgets  at  least  the  most  drastic  of  it-' 
previous  “cut-throat”  price  slashf^ 
and  the  dumping  of  excess  produc 
tion,  manufacturers  stand  a  chance  c. 
doing  a  more  profitable,  businesslik 
business. 

Finally,  the  techniques — begun  be¬ 
fore  the  war,  but  accelerated  by  i^ 
developed  for  extending  the  practical 
utilization  of  microwaves  will  op« 
up  a  vast  new  region  in  which  certsii 
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.  of  c(»nmunication  can  be  car- 
M  on-  Vacuum  tube  developments, 

[  both  transmitters  and  receivers, 

,  ake  the  move  to  higrher  frequencies 
.raetical.  It  is  still  too  early  to  pre- 
ju-t  what  services  will  be  assigned  to 
[his  new  region  of  the  spectrum,  but 
[he  closing  of  the  gap  between  radio 
aves  of  ordinary  length  and  heat 
■  d  light  waves  will  undoubtedly  be 
r,e  of  the  scientific  highlights  of  the 
present  period. 

immediat*  Post-War  Outlook 

Probably  the  peace-time  develop- 
ents  in  radio  communication,  and 
In  frequency  modulation  and  tele- 
jgion  in  particular,  must  be  divided 
ntn  two  divisions :  (1)  the  immediate 
;  ist-war  outlook,  in  which  we  shall 
Hgin  production  and  operation  ap- 
iroxim.stely  where  we  left  off  in  the 
(•ring  of  1942  and  which  will  not 
ike  full  advantage  of  the  techno- 
i  fical  developments  of  the  war,  and 
2)  the  long-term  post-war  develop- 
ents,  in  which  full  advantage  of 
ar  developments  can  be  taken,  and 
n  which  many  new  services  and  com- 
linication  systems  can  be  planned, 
ngineeitd,  designed,  constructed, 
and  operated.  The  two  are  quite  dif- 
t^rent  and  distinct. 

Problems  of  the  immediate  post- 
ivar  period  must,  necessarily,  be  con- 
&Hrned  with  the  reconstruction  and 
’riip.\,,xrnent  of  existing  facilities, 
with  the  replacement  of  old  and  obso¬ 
lete  transmitters  and  receivers,  with 
the  building  up  of  a  full  complement 
f  personnel,  and  with  the  reconver- 
ion  of  factories  to  civilian  produc¬ 
tion.  In  brief,  such  a  program  is 
largely  concerned  with  maintaining 
[the  status  quo. 

By  its  very  nature  such  a  program 
nnot  take  full  cognizance  of  the 
range  of  technical  developments 
liich  the  war  has  made  possible, 
^iven  if  this  were  possible,  it  would 
Mil  take  time,  money,  equipment  and 
ptr.sdiinel  to  establish  new  stations, 
L\v  services.  As  a  result,  civilian 
adio  communication  services  imme- 
iately  following  the  war  are  bound 
'0  be  pretty  much  along  the  same 
f  attet '  as  those  currently  in  use.  But 
'he  immediate  post-war  period  may 
■ell  be  a  transition  period,  linking 
m  present  systems  with  those 
whir  will  ultimately  evolve.  If  so,  it 
ill  have  a  useful  and  highly  import- 
nt  role  in  the  expanding  field  of 
*  ect’onics  and  electrical  communica- 
'on. 


Frequency  modulation  is  in  an  ex¬ 
cellent  position  to  move  forward 
immediately  after  the  war.  Its  prog¬ 
ress  may  be  expected  to  be  rapid,  and 
there  is  prospect  of  providing  real 
improvements  in  service.  The  indus¬ 
try  has  a  particularly  brilliant  oppor¬ 
tunity,  to  place  broadcasting  on  a 
quality,  high-fidelity  basis,  and  many 
will  make  the  sincere  effort  toward 
this  goal.  But  since  there  is  nothing 
inherent  in  the  method  of  frequency 
modulation  which  guarantees  that  all 
f-m  equipment  will  necessarily  be  of 
high  fidelity,  care  must  be  exercised 
to  prevent  the  virtual  wrecking  of 
the  system  through  mishandling. 

The  problems  related  to  f-m  broad¬ 
casting  are  not  a  major  obstacle.  Sev- 


stations.  In  addition,  it  can  be  ex¬ 
pected  that  there  will  be  newcomers 
aiming  to  provide  f-m  service  who 
have  had  no  previous  experience  in 
the  operation  of  radio  stations.  This 
all  points  to  a  sizeable  market  for  re¬ 
placement  receivers  as  well  as  for 
new  receiving  equipment  after  the 
war.  Undoubtedly  the  demand  for 
f-m  equipment  will  keep  pace  with 
the  amount  of  f-m  service  rendered. 

While  frequency  modulation  will 
be  widely  utilized  for  broadcast  serv¬ 
ice  because  of  the  improved  signal- 
to-noise  ratio,  the  necessity  of  em¬ 
ploying  high-frequency  carriers  and 
wide-hand  transmission  will  probably 
limit  the  service  range  to  such  an  ex¬ 
tent  that  it  is  doubtful  that  f.m.  will 
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GRAPH  ILLUSTRATING  the  possibilitiM  of  th«  replacement  market  as  a  meaiu 
of  proTidinq  stop.qap  production  until  exploitation  of  newly  created  serricea 
can  assume  full  post-war  importemee 


eral  years  of  field  experience  and 
manufacturing  have  not  brought 
forth  serious  difficulties  in  present 
f-m  standards.  It  is  desirable,  how¬ 
ever,  that  higher  power  be  permitted 
so  that  stronger  signals  can  be  laid 
down  in  the  service  area.  There 
is  also  need  for  additional  f-m  chan¬ 
nels,  and  this  need  will,  no  doubt, 
continue  to  expand  in  the  future, 
particularly  as  high-quality  live 
music  is  made  available.  It  is  also 
desirable  that  the  channels  assigned 
for  f-m  service  be  continuous,  to 
avoid  band-switching  complications 
in  receivers. 

There  seems  to  be  much  current  in¬ 
terest  in  f-m  broadcasting  on  the 
part  of  a  large  number  of  operators 
of  amplitude-modulation  broadcast 


become  the  sole  broadcast  service 
available  in  this  country.  To  people 
living  in  isolated  areas,  radio  has 
become  a  sustaining  factor  and  these 
people  will  require  signals  capable  of 
travelling  beyond  the  horizon.  For 
this  reason,  as  well  as  because  there 
already  exists  a  vast  network  of  sta¬ 
tions  feeding  some  60  million  receiv¬ 
ers  in  the  550  to  1600  kc  band,  all 
indications  are  that  a-m  broadcasting 
in  this  band  will  be  retained. 

Television  is  not  in  as  favorable  a 
position  as  f.m.  for  immediate  post¬ 
war  development.  This  service  has 
not  yet  received  widespread  accept¬ 
ance  as  a  commercial  service  in  spite 
of  many  attempts  to  bring  television 
out  into  the  open.  Many  economic 
(Continued  on  page  190) 
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Aircraft  Radio  Design 


Former  Superintendent  oj  Aircraft  Radio  Service 

United  Air  Linet — Chicago 


corrosion  by  using  noncorrosivt 
metals,  by  plating,  by  painting,  by 
hermetically  sealing,  or  by  other 
means.  This  is  particularly  true  when 
the  equipment  is  to  be  used  in  the 
tropics  or  on  routes  over  oceans  or 
along  coasts  where  salt  air  is  en¬ 
countered, 


All  insulating  material 
must  be  either  nonhygroscopic,  or,  if 
laminated,  must  be  vacuum-imprej 
nated  with  wax. 

Conductors  which  carry  sufficient 
current  to  heat  to  incandescence  :: 
the  event  of  short-circuits,  irrt  sin 
tive  of  whether  such  circuits  are  pr- 
tected  by  fuses  or  not,  should  have 
flame-proof  insulation.  Where  wiring 
must  be  metallically  shielded,  it  is 
generally  preferable  to  run  the  wires 
in  solid,  rigid  metallic  tubing. 


Mcehaaieal  Rtqairementi 

Vibration  is  a  serious  factor  in  air¬ 
craft  radio  equipment  design.  AD 
components  must  be  securely  an¬ 
chored  to  withstand  vibration  involv¬ 
ing  acceleration  up  to  10  G  in  any 
direction.  This  means  that  all  screws 
have  lockwashers  or  other 


must 


Temperature  and  humidity  chamber  b 
which  aircraft  radio  equipment  ii  operob^ 
through  the  entire  range  of  arctic,  trofk 
and  ocean  weather  conditio.u  that  mieb 
be  encountered  in  flight.  Perfuvmance  mol 
not  be  affected  beyond  certain  limiti  P>^ 
scribed  in  CAA  specifications 
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tips  on  the  mechanical 
rwj  functional  design  of  radio 
^uipinrnl  for  post-war  commer- 
ial  aircraft.  Explanations,  ex- 
Tiple;^  and  photographs  are  pre- 
nted  to  show  why  design  must 
iffer  in  many  respects  from  that 
of  mass-production  equipment 
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BENDiX  R.\D10 


An  axompl*  ol  what  th*  iully  squipped  commercial  oircioit  of  the  fature  may 
carry  in  the  way  of  radio  equipment 


Controls  that  con  be  operated  by  sense  of  touch,  illustroted  here,  are  essential 
for  aircraft  radio  equipment.  Control  pcmels  with  identical  symmetrically  poei* 
tioned  knobe  might  confuse  the  pilot  and  cause  operational  errors 


sufficier' 
icence  ':i 
irrespi*!: 

5  are  pro- 
luld  hav- 
re  u'irihj 
led,  it  is* 
the  wifEi 
ing. 
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A  pilot  is  not  a  radio  te  hnicjij. 
His  duties  primarily  involve  the  sav 
gation  of  his  aircraft,  and  ti  e  operj 
tion  of  the  radio  equipment  is  on; 
one  of  many  duties  involve 
controls  must,  therefore,  be  kept  t 
an  irreducible  minimum  to  avc: 
functional  operational  hazards.  Tt 
design  of  the  equipment  must  be  su 
that  failure  to  operate  a  certain  cor 
trol  is  immediately  apparent.  Thu: 
if  the  pilot  desires  to  use  a  rni!  t 
channel  receiver  on  the 


‘range”  ba- 
and  forgets  to  move  the  f  .qufr 
selector  switch  from  the  “broad- 
band,  the  reception  of  broadcast  pt 
grams  should  immediately  icn; 
him  to  reset  the  selector  switch. 


Ceatrels  M««t  Pool-Proof 

! 

Even  though  a  transmitter  is  de 
signed  in  accordance  with  the  bd 
engineering  practices  and  made  o 
the  best  materials  obtainable,  so  Uia 
it  is  capable  of  passing  all  of  tli 
physical  tests  prescribed  for  typ 
certification,  it  cannot  be  t<i>prvVe 
by  CAA  for  aircraft  use  unless  it  alj 
meets  certain  functional  re-pjir- 
ments  as  to  the  operating  contro'i 
This  in  essence  involves  designing  i 
controls  in  such  a  way  that  any  pc 
sible  improper  sequence  of  operati. 
cannot  cause  failure  of  or  damage  I 
either  the  transmitter  or  receiver. 
An  example  of  hazardous  fun; 
Che  radio  operator  and  has  no  time  to  mately  five-eighths  inch  away  from  ..  tional  operation  is  an  actual  case  i 
devote  to  difficult  or  complicated  tun-  the  engraved  numbers  on  the  panel,  which  the  pilot  held  down  the  prea 
ing  procedure,  or  for  making  any  This  would  have  made  it  necessary  '  to-talk  switch  on  the  m^iTcpb  * 
other  critical  adjustments.  for  the  pilot  or  co-pilot  to  move  his  while  he  operated  the  freque::? 

Most  controls  in  an  airplane  are  head  directly  in  front  of  the  control  change  mechanism  of  a  multi-fn 
operated  by  the  pilot  using  his  sense  to  avoid  parallax  in  choosing  a  de-  quency  transmitter.  The  desip  o 
of  feeling  rather  than  that  of  sight,  sired  setting.  the  transmitter  circuits  in  this  i: 

For  this  reason,  it  is  undesirable  to 

employ  a  great  number  of  controls  of  _ 

identical  physical  size  on  control 

'Hjjl 

example  a  to 

illustrated  in  the  case  of  a  control 
panel  recently  submitted  for  certifica- 
tion.  This  particular  unit  was  a  mas- 
ter  control  for  operation  of  all  radio 

equipment  an  - 

and  contained  twelve  identical  knobs. 

The  design  engineer's  attempt  to  ' 

achieve  symmetry  of  appearance  .f 

prompted  him  to  use  rotary-type 

switches  for  simple  on-off  functions 

where  a  single-pole,  single-throw 

toggle  switch  could  have  been  em- 

ployed.  The  panel  contained  an  eight-  -Ji 
point  frequency  selector  switch  using 

a  knob  identical  to  all  other  knobs  on  . '  -  m  '  . . . .  i  ,  i  '■* 


Machine  used  by  United  Air  Lines  for  opplying  Tibrotion  tests  to  aircrait  radio 

equipment 


im 

tilLi  i 
fW] 

the  panel,  with  an  arrow  engraved  Combination  lO-chonnel  receiver  and  transmitter  lor  aircraft,  showing  shock¬ 


on  the  face  of  the  knob  approxi- 


proof  mounting  that  has  proved  satisfactory 
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taBce  was  such  that  high  voltage 
fas  not  removed  from  the  circuits 
uring  the  frequency  change  cycle, 
•jjls  resulted  in  an  arc  flashover  to 
j  r-f  choke,  which  was  open-cir- 
ijit^  by  the  flashover  and  the  trans- 
sitter  was  thereby  rendered  inoper- 
Mve. 

Such  hazards  may  be  eliminated  by 
he  use  of  properly  sequenced  relay 
vgtems  or  equivalent  methods  which 
'>i>raatically  remove  high  voltages 
om  the  transmitter  circuits  during 
frequency  change  cycle.  Auto- 
atic  voltage-removing  means  should 
provided  unless  operating  tests 
der  the  most  adverse  simulated 
rvice  conditions  indicate  that  they 
re  unnecessary.  * 

Othtr  Practical  Saggcstiont 

In  a  multi-chaniiel  receiver,  it  is 
flen  desirable  to  provide  avc  on 
ertain  frequency  bands  and  elimi- 
ate  it  on  others.  The  provision  of  a 
eparate  avc  switch  to  accomplish 
lis  constitutes  a  functional  hazard, 
1  that  the  pilot  may  not  set  such  a 
tvitch  to  the  proper  position  for  the 
requency  band  on  which  he  desires 
3  operate  the  receiver.  This  hazard 
ay  be  eliminated  by  incorporating 
he  avc  switch  in  the  frequency  band 
elector  switch,  so  that  avc  is  auto¬ 


matically  provided  only  on  the  de¬ 
sired  bands. 

In  the  design  of  remote  control 
equipment,  special  attention  should 
be  given  to  the  elimination  of  sepa¬ 
rate  switches  to  perform  various 
functions  which  might  be  more  satis¬ 
factorily  accomplished  by  a  multi¬ 
point  multi-section  rotary  switch. 
For  example,  an  automatic  direction 
finder  system  may  be  designed  to 
provide  the  pilot  with  the  following 
separate  functions:  (a)  automatic 
directionfinder;  (b)  regular  receiver 
— ICW  or  MCW  reception ;  (c)  regu¬ 
lar  receiver  —  CW  reception;  (d) 
aural-null  direction  finder — ICW  or 
MCW  reception;  (e)  aural -null 
direction  finder  —  CW  reception. 
Good  ehgineering  practice,  with  due 
.  consideration  for  the  elimination 
of  superfluous  controls,  should  im¬ 
mediately  suggest  the  possibility 
of  using  a  single  multi-section  six- 
point  rotary  switch  to  accomplish 
selection  of  these  operational  func¬ 
tions.  An  on-off  switch  may  be 
eliminated  by  utilizing  the  first  or 
dead  position  of  the  switch,  with  con¬ 
nections  to  make  the  complete  re¬ 
ceiver  and  its  power  supply  inopera¬ 
tive. 

In  a  multi-frequency  band  receiver 
designed  to  operate  on  the  “range” 


and  other  frequency  bands,  it  is 
necessary  to  provide  a  simultaneous 
range. filter  in  the  output  circuit  of 
the  receiver.  This  introduces  the  pos¬ 
sibility  that  the  pilot  might  inad¬ 
vertently  leave  the  filter  selector 
switch  in  the  “range”  position  when 
attempting  to  use  the  receiver  otj 
frequency  bands  in  which  voice  re¬ 
ception  is  desired,  resulting  in  an 
apparent  failure  of  the  receiver  on 
these  frequency  bands.  This  func¬ 
tional  hazard  may  be  eliminated  by 
providing  means  in  the  frequency 
selector  switch  design  for  disabling 
the  simultaneous  range  filters  on  all 
but  the  “range”  band. 

Similarly,  when  pretuned  circuits 
are  provided  in  the  range  band  for 
voice  reception  of  airport  traffic  con¬ 
trol  towers  on  278  kc,  the  “range-air- 
port”  switch  should  automatically 
disable  the  range  filter  when  the 
switch  is  thrown  to  the  “airport” 
position. 

Another  example  of  a  functional 
hazard  was  found  in  a  range  receiver 
equipped  with  a  visual  tuning  meter. 
The  purpose  of  the  meter  was  to  en¬ 
able  the  pilot  to  adjust  the  receiver 
circuits  to  resonance  with  the  fre¬ 
quency  of  the  desired  station  by  sc 
tuning  the  receiver  that  maximum 
fContivued  on  pope  220) 


x~mplc  oi  elaborate  lO-chonnel  radiotelephone  transmitter  for  ' 
aircraft  use  with  fan  for  forced-draft  ventilation 


ifflpif  of  an  aircraft  radio  receiver  employing  a  revolvlng- 
iret  iro.7uency  selector  that  reduces  the  tuning  operation  to 
the  setting  of  a  switch.  Note  accessibility  oi  dynomotors 
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With  automatic  timing  ol  carrior  intorruptions,  tho  oporator 
on  duty  doM  not  horo  to  writ*  down  tho  oxoct  timo  of 
iailnro  for  FCC  roports  boioro  looking  lor  tho  tronblo 


Oppooito  page — Aorial  tIow  oi  KMOX 


Broadcast  Transmitters 


Four  manpower-saving  electronic  circuits  for  transmitters,  providing  protection  against 

overload,  automatic 


arcs  during  storms,  automatic  restoration  of  the  carrier  after  an 

starting  after  breakdown,  and  automatic  timing  of  each  carrier  interruption 


By  W.  R.  SLOAT 

Tranamitter  Engineer 
Columbia  Broadcasting  System 
Station  KMOX,  St.  Louis 


Dependability  may  be  considered  of  Mr.  R.  W.  Newby.  All  have  been  Initiating  devices  to  achieve  ore 
a  measure  of  how  much  program  in  use  at  KMOX  for  some  time,  of  these  methods  fall  into  r^everal 
time  is  lost.  Accident  and  error  are  giving  excellent  service.  classes.  One  comparatively  compli- 

the  contributing  factors  to  lost  time ;  The  four  devices  are  independent  cated  type,  usually  difficult  to  handle, 
error  is  failure  of  the  personnel  to  of  one  another,  and  each  self-suffi- 
function  properly,  and  accident  is  cient  for  its  purpose, 
an  equivalwt  failure  of  equipment,  they  provide  comprehensive  and 
Both  may  be,  and  usually  are,  un-  measureable  improvement  in  station 
preventable.  Time  lost  throqgh  botti  ‘  dependability.  All  contain  only  small 
causes  may  nevertheless  be  mini-  standard  comp 
mized  to  a  large  extent  through  use  narily  at  hand, 
of  certain  automatic  devices  designed .  ’ 
to  aid  the  operator  in  clearing  tern-  ; '  ’  Coi^***'  I 
porary 


balances  out-of-phase  components  of 
Collectively  the  r-f  energy  in  one  stage  or  the 
transmission  line  against  that  ir. 
the  preceeding  stage.  Another 
method,  applicable  only  to  a  case 
where  the  arcs  occur  repeatedly  at 
the  same  point,  uses  a  phototube  to 
actuate  the  system.  A  third  method 
uses  the  arc  itself  as  a  conductin; 
radio-  path  for  relay  current.  - 
dished  A  fourth  method,  in  use  at  KMOX 
'  elec-  is  one  operating  directly  from  a 
js  and  portion  of  the  radiated  carrier 
mitter  power.  It  can  be  used  with  low-level 
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tKMOi 
from  » 
carriff 
low-level 
hout  aU 


estarting  equipment.  An  independ- 
nt  restarting  device,  having  no 
jhes  and  only  one  relay,  can  be 
sed  in  conjunction  with  the  device 
Dr  protecting  high-level  systems. 

The  circuit  of  the  KMOX  carrier- 
rotective  device  for  low-level  sys- 
is  shown  in  Fig.  1.  The  in- 
trurnent  is  controlled  by  carrier  en- 
r^'  picked  up  by  a  short  antenna 
gid  fed  to  the  diode  section  of  the 


117L7.  The  diode  develops  ppsitive 
bias  for  the  tetrode  section  of  the 
tube,  which  is  also  cathode-biased. 

When  normal  energy  is  radiated, 
two  relays,  RY^  and  RY„  are  en¬ 
ergized  by  the  tetrode  plate  current 
by  virtue  of  positive  grid  bias  from 
the  diode  and  RY,  is  also  energized. 
Under  this  condition,  the  coil  of 
RYi  is  paralleled  by  R„  and  only  a 
slight  drop  in  plate  current  will 


cause  RYi  to  open.  An  abnormal 
condition  anywhere  in  the  transmit¬ 
ter  resulting  in.  a  moderate  drop  in 
radiated  energy  will  cause  such  a 
drop  in  plate  current,  and  RYi  will 
release  RY,,  applying  high  negative 
bias  to  the  buffer  and  modulated  am¬ 
plifier  stages. 

RY„  may,  of  course,  have  any 
contact  arrangement  desired  for  the 
application  of  this  bias,  which  must 


1 — If  cm  r-i  arc  becomes  established  and  is  sustained  by  the  transmitter  output  without  drawing  enough  current  to  trip 
overload  relays,  this  carrier-actuated  protectiTe  circuit  automatically  reduces  the  transmitter  output  momentarily  to  about  IS 
percent  of  normal  to  kill  the  arc.  If  RYt  is  inherently  slow  enough,  the  interlock  with  RYi  may  be  omitted 
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FIG.  2 — ^In  the  arMit  oi  eorrier  fcdlur*  du*  to  OTorlood,  this  timplo  roloy  arrange- 
ment  perionns  the  standard  three^diot  and  lockout  cycle  ol  reclosing  deyices.  It 
mokes  three  ottempts  to  restore  power,  working  so  fast  thot  listeners  are  not 

aware  of  trouble 


be  determined  to  suit  the  individual 
transmitter.  This  bias  should  be 
sufficient  to  reduce  the  carrier  power 
to  about  16  percent  of  normal,  which 
will  not  sustain  arcs  unless  there  has 
been  ssme  damage  to  equipment. 
When  the  power  drops  to  this  low 
value,  RYt  will  not  have  sufficient 
current  to  hold  and  will  drop  out, 
picking  up  through  a  set  of  de¬ 
energized  contacts,  removing  the 
high  bias  and  returning  the  carrier 
to  normal.  These  de-energized  con- 
acts  on  RYt  also  perform  the  useful 
function  of  protecting  the  device 
against  tube  failure,  since  the  relay 
cannot  pick  up  without  plate  cur¬ 
rent,  and  these  contacts  hold  in  RY^ 
When  RYt  opens  two  other  func¬ 
tions  occur:  Rt  is  removed  from  its 
position  in  parallel  with  the  coil  of 
RYi,  and  RY,  is  locked  out  through 
its  remaining  de-energized  contact 
and  a  similar  one  on  RY^.  Thus,  RY^ 
is  subjected  to  the  full  plate  current, 
and  will  now  pick  up  on  a  smaller 
current  than  is  present  when  it 
opens,  and  RY,  is  prevented  from 
picking  up  until  after  RYi  has  closed. 
RYi  closes  at  about  25  percent 
normal  power,  and  RYt  at  about  80 
percent  when  the  tetrode  plate  cur¬ 
rent  is  large  enough  to  keep  RY^  en¬ 
ergized  as  the  paralleling  resistor 
R»  is  reconnected.  The  instrument  is 
now  recycled.  If  damage  has  occurred 
to  the  transmitter  or  other  trouble 
is  present  to  prevent  the  carrier 
from  returning  to  full  power,  the 
device  will  remain  static,  with  RYt 
open,  RYi  open  or  closed,  and  trans¬ 
mitter  bias  normal  {RYt  closed). 
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The  contacts  of  RY^  should  make 
before  break  and  the  springs  should 
have  about  half  the  tension  of  those 
on  RYf  C«  is  provided  to  avoid  re¬ 
lay  chatter  on  the  rectified  alternat¬ 
ing  current  in  the  plate  circuit  of 
the  117L7.  A  switch  SW  is  provided 
in  parallel  with  the  energized  con¬ 
tacts  of  RYi  in  order  to  hold  in  RYt 
when  adjusting  the  device  or  tak¬ 
ing  it  out  of  service  for  some  other 
reason.  C,  must  be  used  to  isolate 
the  antenna  from  the  power  system, 
so  that  in  the  event  the  power  source 
becomes  reversed,  the  antenna  will 
not  be  at  line  potential.  C,  also  pro¬ 
vides  a  convenient  means  of  limiting 
the  r-f  input  to  the  instrument 
Enough  r-f  energy,  however,  should 


be  fed  to  LiC.  so  that  this  tank  xanj 
be  operated  somewhat  detuneii  from 
the  station  frequency,  and  C,  used 
as  a  control  of  the  tetrode  bi<;8  and 
the  dropout  point  of  RY^,  When 
properly  adjusted  for  dropc  at  at 
76  percent  of  full  carrier,  the  plate 
current  should  be  about  22  ma,  and 
about  7  ma  when  the  high  bias  it 
applied  to  the  transmitter  during  an 
overload. 

For  use  with  high-level  systemn, 
where  power  reduction  by  means  of 
high  bias  is  more  difficult  to  achieve 
the  contacts  of  RY,  would  be  placed 
in  series  with  the  plate  OFF  button 
or  in  series  with  the  series-overload 
circuit  of  the  transmitter,  both  gen 
erally  arranged  as  normally  closed 
circuits.  Operation  of  the  devict 
would  then  result  in  an  interruption 
of  the  plate-contactor  holding  cir¬ 
cuit,  shutting  off  the  high  voltage 
As  previously  pointed  out,  a  carrier¬ 
restoring  device  will  be  necessary 
for  this  method  of  operation,  unles? 
manual  restoring  of  the  carrier  is  tr 
be  depended  upon. 

An  operation  indicator  is  a  desir 
able  accessory  to  the  carrier  proto- 
tive  device.  The  one  in  use  at  KMOX 
is  shown  at  the  right  in  Fig.  1,  and 
is  so  simple  that  very  little  explana¬ 
tion  will  be  needed.  Under  normal 
conditions  (i?y„ /fFi  and /JF,  closed). 
RYt  is  energized  by  the  push  button, 
seals  itself  in  through  RYx,  and  lighh 
the  pilot  lamp.  When  RY^  is  opened 
RYt  will  drop  out  and  put  out  tb 
pilot  light,  which  will  remain  out 
until  the  operator  resets  it  with  thf 
pushbutton.  The  protective  devicf 


Motster  confacH>r 
or  swtivh 


FIG.  3 — ^Automatic  itarting  circuit  for  gutting  back  on  the  air  alter  a  breakdown 
with  a  minimum  of  loti  time 
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continue  to  operate  when  called  attentive  listeners  will  be  aware  of  it.  reopen  by  action  of  the  protective 
I  to  do  so,  regardless  of  condi-  In  addition  to  its  electrical  and  me-  relays,  and  the  reset  relay  pendulum 
9  in  the  indicator.  chanical  simplicity,  it  has  no  buttons  will  continue  to  swing.  If  the  over- 

to  push  to  recycle  it  after  a  lockout,  load  has  not  cleared  by  the  time  the 
^ABC  Carrl#r-R*storl«g  Dcvie*  completely  automatic  in  every  third  application  of  plate  voltage  has 

verloads  are  probably  the  most  respect.  Its  contacts  never  break  a  been  made,  lockout  will  occur  as  the 
moil  cause  of  carrier  interrup-  circuit  and  consequently  never  need  reset  pendulum  has  lost  its  kinetic 
g  in  broadcast  stations.  These  attention.  energy  and  will  come  to  rest  in  a 

It  in  operation  of  the  protective  This  reclosing  device  consists  es-  neutral  position.  The  carrier  must 
ys  and  removal  of  the  plate  volt-  sentially  of  a  relay  with  one  set  of  now  be  restored  manually.  As  soon 
I.  Where  a  manual  operation  is  de-energized  contacts  for  each  pro-  as  the  plate  contactors  remain  closed 
ssary  to  restore  plate  voltages,  tected  plate  circuit,  and  a  pendulum  simultaneously  long  enough  to  ener- 
e  is  usually  a  delay  of  at  least  associated  with  the  relay  armature,  gize  the  reset  relay,  the  device  is 
ral  seconds  before  the  operator  Most  transmitters  have  only  two  pro-  ready  for  another  operation  cycle, 
reach  the  switch  to  restore  the  tected  plate  circuits,  a  medium  volt-  Nearly  any  type  of  clapper  relay 
ier  to  the  air.  age  for  the  exciter  and  driver  stages,  is  suitable  for  conversion  into  a 

he  carrier  reset  to  be  described  and  a  high  voltage  for  the  buffer  and  pendulum  reset  device.  The  relay 
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HG.  4 — Arrangcmant  for  Mcuiinq  automaticcdly  a  racord  of  tho  time  that  carrier  failure  occurred  and  the  duration  of  the  failure 


■Himot  be  praised  too  highly.  It 
las  been  in  service  at  WABC  and 
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A  Radio -Frequency  Gu 


By  JOHN  P.  TAYLOR 

RCJL  Victor  Division 
Radio  Corporation  of  America 
Camden,  N.  J. 


Inner  conductor 
of  concentric  line 


FIG.  1 — Th«  first  model  of  the  radio-frequency  gun.  The  inner  ond  outer  conducton 
of  a  short  length  of  concentric  transmission  line  form  the  electrodes  by  meant  of 
which  r-f  power  is  used  to  spot-glue  thin  sheets  of  wood  Teneer  together  at  selecttd 

points 


FIG.  2 — ^Flow  of  current  between  electrodes  when  the  gun  is  held  against  the  surloct 
of  two  thin  sheets  of  wood  which  hare  o  glue  line  between  them.  Current  tends  to 
follow  the  glue  line  ond  concentrate  in  a  small  area  opposite  the  inner  conductor 


— the  same  group,  incidentally,  that 
developed  the  electronic  “sewing  ma¬ 
chine”  for  sheet  plastic  materials.*  In 
principle  the  two  devices  are  much 
alike.  In  each  case  heat  is  produced 
in  a  dielectric  material  by  causing  in¬ 
tense  radio-frequency  currents  to 
flow  in  the  part  of  the  material  which 
it  is  desired  to  heat. 

In  the  sewing  machine  the  means 
of  directing  this  current  is  a  pair  of 
rollers  between  which  the  material 
progresses.  Current  flowing  between 
these  rollers  must  pass  through  the 
material.  In  other  applications  of  r-f 
heating  which  have  been  described 
previously- 


for  instance,  gluing 
of  aircraft  spars*  and  preheating  of 
-the  material  in 


molding  materials' 
similarly  placed  between  the  elec¬ 
trodes. 


rial  is  not  possible  since  in  many,  if 
not  most,  instances  only  one  side  of 
the  assembly  can  be  reached.  Even 
where  both  sides  could  be  reached  it 
would  usually  be  inconvenient  to 
do  so. 
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3 — Two  piecot  ol  cdrcrolt  Toneer 
hoTo  boon  opot-qluod  at  two  points, 
indentations  are  caused  by  the 
oi  the  inner  electrode  on  the  wood 
which  has  been  soitened  by  heating 
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FOR  Spot-Gluing  Wood 


emporary  setting  of  glue  by  high-frequency  heating  with  the  gun-like  end  of  a  200-Mc 
axial  cable  speeds  construction  of  shaped  plywood  objects.  Spotting  holds  veneer  layers 
position  during  preliminary  laying  up  and  handling.  Tedious  stapling  is  eliminated 

The  two  electrodes  used  in  the 
pot-gluer  are  the  inner  and  outer 
ondiictors  of  a  section  of  concentric 
ransmission  line.  Figure  2  illus- 
tes  the  flow  of  current  between 
^  electrodes,  when  the  gun  is 
laced  against  the  surface  of  two 
eets  of  wood  veneer  which  have  an 
dhesive  between  them.  Since  the 
ielectric  constant  of  the  wood  is 
eater  than  that  of  air,  most  of  the 
urrent  flows  through  the  wood, 
lortover,  since  the  glue  line  (at 
ast  in  its  original  rather  moist  con- 
ition)  presents  a  lower-resistance 
ath  than  the  wood,  there  is  a  tend- 
ncy  for  the  current  lines  to  concen- 
rate  in  the  glue.  These  effects  pro- 
uce  a  concentration  of  current  in 
he  glue  line  opposite  the  inner  con- 
uctor. 

Some  current,  of  course,  is  present 
n  an  area  of  the  wood  equal  to  the 
ross  seclion  of  the  outer  conductor, 
lowever,  only  in  the  vicinity  of  the 
inner  conductor  is  the  current  con¬ 
centration  sufficient  to  produce  ap- 
iaeciahle  heating’;  in  general,  the 
^ize  of  the  heated  spot  is  about  the 
f  ize  of  the  inner  conductor. 

The  amount  of  heat  produced  in 


Using  the  special  ironing-type  r-l  gun  to  smooth  out  and  tack  down  layers  of  Teneer 
on  a  mandrel,  in  much  the  some  way  that  the  wire  stapler  is  ordinarily  used 


the  spot  is  determined  (for  a  given 
power)  by  the  length  of  time  that 
power  is  applied.  The  temperature 
required  for  barely  tacking  the  glue 
(which,  as  will  be  explai  ed  later,  is 
often  desirable)  is  attained  for  thin 
veneers  in  about  one  second.  Apply¬ 
ing  power  for  one  and  a  half  to  two 
seconds  results  in  a  completely  set 
or  cured  glue  spot.  In  this  case  the 
spot  glued  has,  with  adhesives  of 
the  types  used  in  aircraft  manufac¬ 
ture,  greater  strength  than  the  wood 


itself.  This  is  demonstrated  by  the 
fact  that  when  subjected  to  shear 
tests  (tension  parallel  to  the  face  of 
the  wood)  the  ultimate  failure  will 
be  largely  in  the  wood. 

In  Fig.  3  are  shown  two  pieces  of 
aircraft  veneer  which  have  been  spot- 
glued  at  two  points. 

Prctenf  Methods  Of  Moldiag 

The  advantages  of  the  r-f  spot- 
gluer  in  laying  up  molded  plywood 


conside 
doring 
of  the 
other, 
left  at 
been  ci 
ing  or 
Fina 


FIG.  4 — First  stop  in  th«  pressnt  procMs  ol  mokinq  form,  d 
wood  stnictuiM.  Thin  strhiw  of  Tonoor  or*  toilorod  to  itt 
iostonod  to  o  woodon  mondrol  by  moons  ol  wiro  staples, 
loyors  oro  oddod,  tho  staples  in  the  proTious  layer  mas 
remoTod 


FIG.  5 — Second  step  in  mokinq  formed  plywood.  The  mandrel « 
which  Teneers  hare  been  wrapped  is  enclosed  in  a  mbber  bof 
from  which  the  air  is  exhausted.  The  whole  assembly  u  ti.^ 
placed  in  an  outoclore,  as  shown,  and  heat  ond  pressure  on 
used  to  bond  the  Teneers  into  o  sinqle  homoqeneous  piece 


siapfes  fbr 

holding  ships  in  place 


assemblies  are  best  illustrated  by  P 
first  considering  briefly  the  present 
methods.  While  there  are  several  ^ 

such  methods,  the  best  known  of  - 
which  are  the  Vidal*  and  the  Dura- 
mold*  they  are  all  more  or  less  sim¬ 
ilar  in  the  pattern  of  operations. 

These  operations  consist  of  two  prin¬ 
cipal  steps.  In  the  flrst  or  wrapping 
step,  narrow  strips  of  thin  veneer 
(from  A-inch  to  A-inch  thick)  to  ^ 
which  a  resin  adhesive  has  been 
previously  applied  are  laid-up  or 
wrapped  on^a  wooden  mandrel,  as  [ 
shown  in  Fig.  4.  Where  necessary,  [ 
individual  strips"  are  tailored  to  fit  F 
by  goring  or  trimming.  As  each  strip  \ 
is  fashioned  to  the  mandrel  it  is  held  I 
in  place  by  means  of  wire  staples 
driven  through  the  strip  and  into  the 
mandrel.  These  are  inserted  with  a 
hand  stapler. 

As  each  additional  layer  of  veneer 
is  added — and  there  may  be  as  many  ul 
as  nine  layers — the  staples  in  the  lb. 
previous  layer  must  be  pulled  out  and  250  deg.  F.  to  300  deg.  F.  pletely  that  when  the  form  is 

new  staples  put  in  through  the  added  For  the  first  few  minutes  of  the  moved  it  has  an  evenness  and  hom(v 
layer.  When  the  final  layer  has  been  heating  cycle,  however,  only  rela-  geneity  which  give  it  a  uniforraitj 
placed,  as  many  of  the  staples  as  can  tively  low  prebsures  are  used.  Dur-  approaching  and  a  stiffness-to-weight 
be  safely  extracted  without  damage  ing  this  period  the  resin  adhesive  ratio  exceeding  that  of  sheet  metals 
to  the  assembly  are  removed.  (with  which  all  the  plies  were  coated 

The  whole  assembly  is  then  placed*  before  wrapping)  gradually  softens  Drawbaeki  of  Pretonf  Mothodt 

in  a  rubber  bag  and  the  air  ex-  and  eventually  goes  through  a  flow  The  use  of  a  wire  stapler  in  tht 
hausted  from  the  bag  so  that  it  fits  stage  before  reaching  the  curing  “wrapping/’  part  of  the  process  is 
tightly  and  smoothly  over  the  as-  temperature.  .This  flow  characteris-  one  of  the  chief  drawbacks  to  flif 
sembly.  The  bag  has  several  pur-  tic  allows  the  plies  to  shift  slightly  rubber-bag  method  of  making  shaped 
poses.  Primarily  it  provides  a  means  with  relation  to  each  other  so  as  to  plywood.  While  the  staples  can  be 
of  insuring  fluid  pressure  over  the  conform  exactly  to  the  contours  of  inserted  quickly,  the  necessity  of  re 
entire  surface.  In  addition  it  pro-  the  mandrel.  This  ability  to  give  moving,  them  from  each  previous 
tects  the  lay-up  and  mandrel  from  somewhat  is  essential  in  obtaining  layer  as  new  layers  are  added  make 
moisture.  It  also  helps  to  hold  the  maximum  strength-weight  character-  the  wrapping  of  multiple  layers  » 
veneers  in  place  during  handling.  istics.  lengthy  and  costly  job. 

In  the  second  or  “cooking”  step  in  After  the  preliminary  period,  dur-  There  are  other  disadvantages 
the  process  the  assembly,  still  in  the  ing  which  the  veneers  have  been  For  one  thing,  the  assembly  is  lefi 
rubber  bag,  is  placed  in  an  autoclave,  gently  pressed  into  position,  the  pres-  with  many  tiny  holes  in  it,  and  the 
as  shown  in  Fig»^  5,  and  heat  and  sure  is  brought  up  to  the  specified  holes  in  the  outer  layer  at  least  must 
pressure  are  applied.  Compressed  maximum  and  the  assembly  allowed  somehow  be  filled  up  during  the  fin- 
air,  steam,  hot  water,  or  combina-  to  cook  (or  cure)  from  15  minutes  to  ishing  process, 
tions  of  these  are  used  to  obtain  an  hour  or  more,  depending  on  the  Again,  the  necessity  of  leaving  » 
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;^nsiiierable  number  of  staples  in 
daring  cooking  limits  the  movement 
of  the  plies  with  respect  to  each 
other,  and  unless  these  staples  are 
left  at  specific  points  which  have 
been  carefully  predetermined,  warp¬ 
ing  or  wrinkling  of  plies  may  occur. 

Finally,  as  a  result  of  the  inad¬ 
vertent  breaking  of  staples  during 
the  removal  process  often-times  sta¬ 
ple  ends  remain  and,  under  pressure, 
protrude  and  puncture  the  bag.  When 
this  happens  not  only  the  bag,  but 
the  assembly,  and  sometimes  even 
the  mandrel  (due  to  moisture  getting 
into  it)  are  ruined.  Obviously  the 
elimination  of  stapling  would  be  a 
big  step  forward. 

AdvaHtagct  of  the  R*P  Spet-Gleer 

The  r-f  spot-gluer  was  originally 
designed  with  the  specific  idea  that 
it  would  supplement,  if  not  actually 
replace,  the  stapler  in  operations  of 
the  above  type.  It  was  hoped  that  it 
could  be  used  instead  of  the  stapler 
to  tack  the  separate  plies  of  a  shaped 
layout  together  in  such  manner  that 
they  would  hold  together  during  pre¬ 
liminary  handling — and  yet  would  be 
free  to  move  slightly  with  respect  to 
each  other  when  heat  and  pressure 
were  applied  to  the  assembly  in  the 
autoclave.  Fortunately  the  glues  used 
in  molding  practice  (or  at  least  such 
of  these  as  have  been  tested  to  date) 
pass  through  a  more  or  less  thermo¬ 


plastic  stage  before  reaching  the  final 
temperature  (at  which  they  are,  of 
course,  thermosetting).  When  heat 
is  applied  just  long  enough  to  raise 
the  temperature  (in  the  spot)  to  this 
thermoplastic  stage,  it  is  found  that 
the  veneers  adhere  sufficiently  to  hold 
them  securely  in  place  during  reason¬ 
able  manipulation  of  the  assembly- 
while  at  the  same  time  the  cure  is 
insufficient  to  obtain  final  setting. 
Some  degree  of  “flow”  therefore  oc¬ 
curs  when  additional  heat  is  applied 
(as  during  the  normal  cooking  cycle) . 

If  the  spotting  cycle  is  too  long 
the  spots,  of  course,  receive  a  final 
cure.  In  this  case  the  strength  of 
the  joints  is  such  as  to  pull  wood,  as 
previously  mentioned.  If,  however, 
these  spots  of  complete  cure  are  of 
small  size  and  not  too  many  are  used, 
they  will  ordinarily  be  broken  off  by 
the  shearing  forces  which  occur  when 
pressure  is  applied  in  the  autoclave. 


This  will,  of  course,  leave  small  un¬ 
glued  spots  in  the  final  piece,  but 
these  have  an  insignificant  effect  on 
overall  strength  values. 

Thus,  either  method,  that  of  par¬ 
tially  gluing  (tacking)  a  consider¬ 
able  number  of  spots  or  that  of  com¬ 
pletely  setting  a  smaller  number,  may 
be  used.  Where  the  characteristics 
of  the  glue  used  are  not  too  critical 
(which  would  make  the  in-between 
point  too  hard  to  hit)  the  first  is  to 
be  preferred. 

In  one  series  of  tests  the  experi¬ 
mental  spot-gluer  was  used  by  a  girl 
operator  whose  only  previous  experi¬ 
ence  was  with  the  regular  wire  stap¬ 
ler.  Under  these  conditions  the  time 
for  making  the  individual  spots  was 
considerably  longer  than  with  the 
stapler.  However,  because  of  the 
time  saved  by  not  having  to  pull  out 
staples,  the  overall  time  was  of  the 
order  of  25  percent  less  than  with 


V*- 


FIG.  6 — UBing  the  r-f  gun  to  tack  a  gusset 
plate  of  thin  Teneer  on  small  copstrips 
making  up  an  aircraft  ribweb.  The  tem¬ 
porarily  glued  assembly  eon  be  placed  in 
a  hot-pla^e  or  r-f  equipped  press  and  cured 
in  a  few  minutes 


FIG.  7 — Model  of  the  spot-gluer  used  In 
field  tests.  The  oscillator  cabinet  has  a 
plug-in  cable  connector  so  that  seTeroI 
different  models  of  the  gun  may  be  used 
interchangeably.  The  gun  shown  is  the 
one  developed  especially  for  veneer  wrap¬ 
ping,  and  permits  an  ironing  motion  for 
smoothing  wrinkles  in  the  veneer 
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tnnmr  conductor 


Fl9xibt9  cable 
to  o3ciUator 


FIG.  9 — CroM-Mction  oi  th«  Mcond  modal  of  tho  gun.  A  lump«d 
inductonco  has  boon  placod  in  sorios  with  tho  innor  conductor  h 
ordor  to  rotain  tho  oUoct  of  a  quortor-woro  lino.  The  oToroD 
length  of  this  unit  is  conToniontly  short 


FIG.  8 — Cross-section  sketch  of  the  original  qrun.  consisting  of  a 
quartor-woTO  section  of  concentric  transmission  line  with  the  hot 
lead  of  the  cable  from  the  oscillotor  tapped  on  the  inner  conductor 
at  a  point  chosen  to  giTO  an  approximate  impedance  match 


the  stapler.  With  experience  a  50  With  most  applications  of  r-f  heat-  permanent  seal  or  weld  between  over¬ 
percent  saving  in  time  may  be  pos-  ing  one  idea  leads  to  another — and  lapping  pieces  is  usually  desired, 
sible.  the  spot-gluer  is  no  exception.  Orig¬ 
in  the  present  method  the  wrap-  inally  intended  for  use  in  making  Other  Applicationt 

ping  time  is  definitely  the  bottleneck,  molded  plywood,  it  has  already  been 

•if  borne  suggested  and  in  some  cases,  tried  Boxes  and  other  small  containen 


A  reduction  of  60  percent- 

out  in  actual  production — would  be  for  other  uses.  Most  of  these  had  to  are  typical  examples.  For  some  oi 

extremely  important.  It  might  go  do  with  assembly  operations  on  vari-  these  the  spot-gluer  in  its  present 

far  toward  justifying  the  making  of  ous  objects  made  of  plywood,  paper-  form  will  be  fairly  suitable.  For 

many  articles  (predictions  run  all  base  laminates,  sheet  plastics,  and  most,  however,  more  power,  differ- 

the  way  up  to  automobile  bodies)  by  the  like.  In  such  cases,  of  course,  a  ently  shaped  electrodes,  higher  fre- 
methods  now  limited  largely  to  air¬ 
craft  parts. 

In  addition  to  the  time  saving 
there  afe  also  the  advantages  that 

the  wire  holes  are  not  present,  the  -  ^  -  ■  -  -  — — 

likelihood  of  wrinkling  is  decreased, 

and  the  danger  of  puncturing  the  ^  ^ 

bag  (which  in  itself  is  an  expensive  m  •«Mi*  ' 

item)  is  eliminated.  There  is  one 

further  advantage  which  in  the  fu-  uk 

ture  may  be  of  importance.  If  radio- 
frequency  eventually  to  , 

the  final  cooking  process 

the  autoclave  greatly  re-  * 

the  time*)  use  j 

staples, 

across  the  electrodes, 

Some  experimental 


FIG.  10 — Roar  Ti«w  of  the  200-Mc  oscillator  chassis  that  supplies  r-f  power  to  ths 

spot-gluing  gun 
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iweacy*  or  other  changes  will  be  de- 
‘jfgble.  An  r-f  device  somewhat  com- 
>arab!(  to  a  welding  machine,  and  of 
^irly  flexible  characteristics,  would 
ave  wide  application  and  will  un- 
; -!jbt^=^y  he  the  next  development  in 
jiU  field. 

In  addition,  there  are  numerous 
)perations  in  the  woodworking  in- 
i„«try  which  are  more  or  less  similar 
^  that  for  which  the  spot-gluer  was 
lotuaily  designed.  Most  of  these  are 
n  jobs  where  the  advantages  of  a 
preliminary  assembly  suggest  them- 

The  aircraft  rib-web  shown  in 
"ig.  6  is  sn  example.  Such  webs  are 
.^ually  assembled  in  a  jig,  the  gusset 
)lates  being  held  in  place  by  toggle 
or  some  other  clamping  de- 
fice.  At  room  temperature  a  period 
pf  four  to  eight  hours  is  required  to 
let  the  glue  used.  By  placing  the 


facturing  where  this  method  might 
be  of  value.  In  fact,  it  is  likely  that 
only  by  the  adoption  of  such  new  pro¬ 
duction  tools  will  the  wood  industry 
be  able  to  compete  with  plastics  and 
light  metals  in  those  borderline 
fields  where  any  of  the  three  mate¬ 
rials  might  conceivably  be  used. 

The  model  of  the  spot-gluer  which 
was  used  in  the  field  tests  mentioned 
is  shown  in  Fig.  7.  This  unit  was  de¬ 
signed  by  Mr.  J.  E.  Joy  of  the  RCA 
Development  Engineering  Section. 
The  oscillator  box  is  provided  with  a 
plug-in  cable  connector  so  that  it 
can  be  used  interchangeably  with 
several  models  of  the  gun. 

Dafails  of  Gun  CoNtfroetioR 

The  original  gun  consisted  of  a 
•quarter-wave  section  of  concentric 
transmission  line  with  the  hot  lead 
of  the  connecting  cable  tapped  on  the 


tiG.  11 — Schematic  diagram  of  the  r-i  circuits  oi  the  200-Mc  osclUalor.  RecUlier 


circuits,  not  shown, 

issenibly  in  a  hot-plate  press  (or  in 
i  press  equipped  with  r-f  heating) 
the  glue  can  be  set  in  a  few  minutes. 
In  either  case  the  clamps  are  a 
drawback  and  handling  would  be 
much  easier  if  some  other  means  of 
leeping  the  assembly  together  until 
Iressure  was  applied  were  available. 
The  spot-gluer  may  fill  this  require¬ 
ment.  It  can  be  used  to  tack  the  gus- 
plates  in  place,  thereby  holding 
&e  assembly  together  so  that  it  can 
if  desired  be  removed  from  the  jig 
("f  gluing  in  a  press. 

When  r-f  heating  is  used,  a  num- 
bt  r  of  webs  can  be  bonded  at  one  time 
®rnply  by  stacking  these  up  between 
electrodes.  An  arrangement  of 
iJiis  kind  enormously  steps  up  the 
Mput  of  a  given  set  of  jigs. 

There  are,  obviously,  many  similar 
I  tions  in  peacetime  wood  manu¬ 


ar«  of  usual  design 

inner  conductor  at  the  proper  point 
to  obtain  an  approximate  impedance 
match,  as  shown  in  Fig.  8.  This  gun 
was  about  12  inches  long,  and  be¬ 
cause  of  its  unwieldiness  required 
two  hands  for  accurate  manipulation. 

A  second  model  was  made  up  in 
which  the  overall  length  was  reduced 
to  about  5  inches.  The  effect  of  an 
electrical  quarter-wave  was  retained 
by  placing  a  small  inductance  in 
series  with  the  inner  conductor  and 
tapping  on  to  this  at  the  proper  point 
for  matching,  as  shown  in  Fig.  9. 

As  a  result  of  further  field  tests 
still  another  model  of  the  gun  was 
made  up.  This  unit,  shown  in  Fig.  7, 
somewhat  resembles  in  form  the  wire 
stapling  machine  now  used.  It  was 
found  desirable  due  to  the  fact  that 
in  using  such  a  device  for  laying  up 
veneer  on  a  mandrel  the  operator 


performs  a  sort  of  ironing  movement 
which  smooths  out  the  wrinkles  in 
the  veneer  and  holds  it  fiat  in  place. 
Experience .  indicates  that  this  and 
possibly  other  different  applicators 
will  be  used,  depending  on  the  re¬ 
quirements  of  various  jobs. 

Dstails  of  Chassis  Cosstraefioii 

A  rear  view  of  the  oscillator  chas¬ 
sis  is  shown  in  Fig.  10.  The  oscil¬ 
lator  proper  occupies  the  center 
space,  with  power  supply  compon¬ 
ents  on  either  side.  The  push-pull 
tuned-grid  tuned-plate  oscillator  cir¬ 
cuit  (Fig.  11)  allows  a  very  simple 
form  of  construction  to  be  used.  At 
the  frequency  of  operation  (approxi¬ 
mately  200  Me)  the  grid  inductance 
is  a  straight  piece  of  tubing,  while 
the  plate  inductance  is  a  single  turn. 
Tuning  is  accomplished  by  means 
of  a  threaded  screw-type  condenser. 
A  hinged  loop  loosely  coupled  to  the 
plate  inductance  forms  the  output 
coil. 

Direct  voltage  for  the  oscillator 
plates  is  supplied  by  a  full-wave  recti¬ 
fier  using  two  RCA-816’s  (at  the  left 
in  Fig.  10).  Plate  input  power  is 
about  150  watts. 

The  amount  of  power  actually  con¬ 
verted  into  heat  in  the  wood  is  prob¬ 
ably  rather  small.  It  is  obvious,  how¬ 
ever,  that  overall  efficiency  is  not 
particularly  important  in  a  device  of 
this  kind,  since  power  cost  is  in  any 
event  negligible.  The  controlling 
item  in  design  is,  rather,  the  neces¬ 
sity  of  getting  the  required  speed  of 
heating  without  having  excessive 
voltage  between  electrodes.  This 
problem  is  more  or  less  general  to 
r-f  heating  of  dielectrics  and  has 
been  discussed  previously,. 

In  the  case  of  the  spot-gluer  the 
voltage  problem  is  accentuated  by 
the  small  area  of  the  electrodes  and 
the  relatively  long  current  path 
through  the  wood.  Moreover,  in  spot¬ 
gluing  the  in-between  layers  on  a 
mandrel  the  r-f  gun  comes  in  direct 
contact  with  the  adhesive  which  has 
been  previously  spread  on  the  veneer. 
(Practice  is  to  spread  both  sides  of 
the  in-between  layers.)  Under  this 
condition,  and  with  the  glue  at  least 
slightly  moist,  it  is  certain  that  arcs 
will  occasionally  occur.  The  inter¬ 
electrode  voltage  must  be  such  that 
these  arcs  will  not  be  sustained.  The 
only  way  in  which  this  voltage  can  be 
kept  down  and  still  produce  sufficient 

(Covfimted  on  page  StO) 
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FIG.  1 — ^FuadamMtal  schematic  wiring 
diagram  of  tab*  nsod  os  dogonsrotiTO 
amplifier  for  phose  inTorter  or  cathode 
follower 


Plate  Characteristics 
of  6C5  I 


Ep«  6  3  Matts 


Ptot#  Current  in  Millionaperes 


FIG.  2 — ^Family  of  plcrte  characteristics  fw 
Mode,  illustrating  the  operation  of  cothode 
follower 


The  placement  of  a  resistor  in 
the  cathode  circuit  of  a  single 
tube,  or  of  a  pair  of  tubes  having 
their  cathodes  connected  together, 
produces  certain  effects  which  have 
been  put  to  good  use  in  many  appli¬ 
cations.  This  discussion  attempts  a 
summary  and  analysis  of  these  cir¬ 
cuits,  so  that  their  behavior  may  be 
visualized  and  predicted. 

Suppose  a  signal  Ae.  is  applied  to 
a  tube  as  shown  in  Fig.  1.  Evidently 
the  actual  grid  voltage  change,  that 
is  the  voltage  change  between  grid 
and  cathode,  will  not  be  as  large  as 
Ae..  If  the  signal  voltage  makes  the 
grid  more  positive,  for  instance, 
more  plate  current  will  flow;  this 
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A  comprehensive  analysis  of  recently-developed 
cathode  follower  circuits,  which  serve  as  highly  effi¬ 
cient  transformers  for  coupling  high  -  impedance 
sources  to  low-impedance  loads.  The  circuits  dis¬ 
cussed  are  strictly  power  amplifiers.  Voltage  ampli¬ 
fication  is  always  less  than  unity 


will  cause  an  increase  of  voltage 
across  r.,  making  the  cathode  also 
more  positive.  The  cathode  “follows” 
the  grid,  so  to  speak. 

The  mathematics  of  this  case  have 
been  presented  in  this  magazine  once 
before*,  but  will  be  repeated  here  for 
the  sake  of  completeness. 

If  At,  is  the  plate  current  change 
due  to  the  signal  voltage  change  As., 
the  actual  grid  voltage  change  will  be 
given  by 

A0,  —  A«.  —  A«,r«  (1) 

The  fundamental  relation  between 
plate  current  change,  grid  voltage 
change  and  plate  voltage  change  is 
given  by  the  well  known  equation 

a,  -  *  (2) 

An  increase  At,  in  plate  current 
causes  a  decrease — or  negative  in¬ 
crease — of  plate  voltage  given  by 

A«,  ”  —  At,  {R  -+•  r.)  (3) 

Substituting  Eqs.  (1)  and  (3)  into 
Eq-  (2)  gives 

M  (Ae.  —  At,  r.)  —  At,  (R  -f-  r.) 


In  this  case,  representing  fixed  bia; 
signal  and  grid  voltage  change  ar^ 
of  course  identical.  Comparing  Eqi 
(5)  and  (5a)  we  note  that  the  intro 
duction  of  r,  in  the  cathode  lead  hi< 
the  same  influence  on  the  plate  cur 
rent  change  due  to  a  signal  volUgr 
change,  as  if  the  tube  were  operatS 
ing  with  fixed  bias,  but  a  resistor  cK 


F' 


the  value  (ft  -1-  1)  r,  had  been  adds 
in  the  plate  circuit.  Another,  soiri 
times  more  convenient,  way  to  to 
ualize  the  influence  of  the  cathudr 
resistor,  can  be  deduced  as  folloi^; 
if  we  substitute  At,  from  Eq.  (5 
into  Eq.  (1),  we  obtain 

+  r,  -I-  r.  , 


Ae,  »  A«.  ■ 


At, 


(4) 


R  +  Tp  +  r,  +  IX  r. 
Now  R  +  r,  +  r,  =  R,  is  the  total  r 
sistance  in  the  plate  circuit,  sir 
obviously  r,  is  just  as  much  a  part 
the  plate  circuit  as  R.  However,  r 
is  also  part  of  the  grid  circuit,  ar 
its  presence  there  causes  the  act" 
grid  voltage  change  to  be  less  tha 
the  signal  voltage  change  in  the  rat 
R>  f 


A«,  =  Ae,- 


When  this  equation  is  solved  for 
Ai„  we  obtain 

IX  Ae, 


At,  = 


(5) 


fi  -I-  r,  +  (m  +  1)  r. 

It  is  worthwhile  to  study  Eq.  (6) 
in  detail.  With  r,  =  0,  the  equation 
assumes  the  familiar  form 


At,  = 


IX  Ae, 


R  +  r, 


(5») 


i2i  +  Mr, 

We  can  therefore  also  state  he 
influence  of  a  cathode  resistor 
saying  that  its  presence  reduces  the 
value  of  the  signal  voltage  in 
ratio  given  by  Eq.  (6)  or  Eq.  (6a) 
before  it  reaches  the  grid. 

While  Eqs.  (1)  to  (6)  were  set  f 
for  resistive  values  in  the  plate 
cathode  circuit,  they  are  just 
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valid  if  the  resistances  are  replaced 
by  impedances  (provided,  of  course, 
that  there  is  a  path  for  the  direct- 
current  component  of  the  plate  cur¬ 
rent).  Thus  the  influence  of  a  resis¬ 
tor  by-passed  with  a  condenser  can 
be  calculated  by  means  of  Eqs.  (5) 
or  (6)  by  simply  replacing  the  value 
r,  with  the  complex  value  of  the  im¬ 
pedance  representing  the  parallel 
combination  of  resistor  and  con¬ 
denser. 

Cathode  Follower  Arrangement 

The  case  of  a  true  “cathode  fol¬ 
lower,”  or  impedance  changing  tube 
18  obtained  for  =  0.  The  question 
arises  how  much  signal  we  shall  ob¬ 
tain  across  r,  in  this  case. 

The  voltage  change  Ae,  across  r, 
due  to  the  signal  voltage  change  Ae. 
is  of  course  simply  equal  to  the  cur¬ 
rent  change  At,,  obtained  from  Eq. 
(5),  multiplied  by  r,;  we  have  there¬ 
fore 


A<!.  »  iitpT, 


M  Ae,  r, 

+  (m  +  !)»■.  r,  -f-  mt.  +  r. 


IS  thar 
le  rat;- 


Ite  ;r:t 

tor  b 
ces  tilt 

in  ty 
1.  (6a) 


set  -P 
ite  arc 


just  a' 


“  Ae. 


M  r, 

Mr,  +  r,  +  r. 


(7) 


'Since  the  denominator  is  always 
larger  than  the  numerator,  the  frac¬ 
tion  will  always  have  a  value  less 
than  unity.  This  means  that  we  can¬ 
not  obtain  voltage  amplification  with 
this  circuit. 


If  R  is  made  equal  to  r,,  the  volt¬ 
ages  across  R  and  r,  will  be  equal, 
since  the  same  current  flows  through 
them  But  an  increasing  current  will 
swing  point  A  of  Fig.  1  more  nega¬ 


tive,  while  point  C  will  swing  more 
positive.  These  two  points  may  be 
capacity-coupled  to  a  push-pull  stage 
furnishing  the  180  deg.  phase  dis¬ 
placed  signals  required  for  such  a 
stage.' 

The  procedure  of  designing  such 
a  stage  may  best  be  shown  on  an 
example.  Suppose  350  volts  is  avail¬ 
able  for  the  stage  and  that  a  6C5 
is  to  be  used.  If  we  were  to  design 
a  conventional  resistance-capacity 
coupled  stage,  we  would  draw  a  load 
line  with  the  chosen  value  of  the 
load  resistance  and  decide  on  a 
proper  operating  point.  This  is  ex¬ 
actly  what  we  do  now,  except  that 
the  load  resistance  will  be  split  into 
two  equal  parts,  one  to  be  placed 
into  the  plate  lead,  the  other  into 
the  cathode  lead.  However,  it  might 
be  desirable  to  hold  the  load  to 
lower  values  than  usual,  to  mini¬ 
mize  the  effect  of  cathode  leakage 
and  capacity.  (For  an  excellent  dis- 


Advcmtoges  of 
Cathode  Follower 

!■  High  input  impedance 
2a  Low  output  impedance 
3  a  Good  frequency  response 


cussion  of  the  effect  of  cathode  ca¬ 
pacity  on  the  performance  of  cathode 
follower  circuits,  see  C.  E.  Lockhart, 
“The  Cathode  Follower”.^)  Suppose 
we  take  a  load  of  100,000  ohms.  Fig¬ 
ure  2  shows  the  plate  characteristic 
of  the  6C5  with  the  load-line  repre¬ 
senting  100,000  ohms  and  inspection 
shows  that  a  good  operating  point 
is  2  ma,  with  150  volts  across  the 
tube  and  200  volts  across  the  100,- 
000-ohm  load.  The  actual  grid  voltage 
for  this  condition  would  have  to  be 
about  —7  volts,  as  seen  from  Fig.  2. 
Splitting  the  100,000  ohm  load  into 
two  resistors  of  50,000  ohms  results 
in  the  circuit  shown  in  Fig.  3a.  The 
operating — or  quiescent — current  of 
2  ma  causes  a  drop  of  100  volts 
across  r„  and  in  order  to  have  an 
actual  grid  voltage  of  —7  volts,  a 
bias  of  -1-93  volts  will  be  required. 

The  output  voltage  obtainable  from 
such  a  stage  for  a  given  signal  volt¬ 
age  can  be  determined  in  two  ways, 
just  as  for  a  conventional  circuit. 
For  small  signal  voltages  the  equiv¬ 
alent  plate  circuit  theorem  will  give 
us  the  answer,  that  is,  Eqs.  (5)  or 
(6)  can  be  used,  which  have  been 
derived  on  the  basis  of  this  theorem. 
For  larger  signals  the  use  of  the 
load  line  will  be  indicated.  Assuming 
at  first  a  small  signal,  say  1  volt,  the 
application  of  Eq.  (5)  or  (6)  requires 
the  plate  resistance  to  be  known.  At 
the  operating  point  chosen  in  the 
example,  this  value  would  be  about 
16,000  ohms  (determined  from  the 
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a  battery.  If  a  bleeder  circuit  acr.. 
the  power  supply  is  available  it  ^5, 
be  conveniently  tapped  at  the 
sired  point,  as  shown  in  Fig.  3b  ^ 
the  bias  may  be  obtained  by  app;- 
r,  at  a  point  furnishing  the  iesir? 
voltage.  In  the  above  example,  wir- 
an  operating  current  of  2  ma  r 
would  have  to  be  tapped  at  46,5' 
ohms  (Fig.  3c)  to  furnish  prop, 
bias.  The  remaining  3,500  ohms  a- 
not  by-passed  by  a  condenser;  si, 
by-passing  would  destroy  the  ba 
ance  of  the  signals  while  not  ei  vi; 
any  useful  purpose.  The  inconver 
ence  of  tapping  n,  or  splitting  it  ii 
two  odd-size  resistors,  howw,: 
usually  makes  the  biasing  ai  rarp 
ment  shown  in  Fig.  3d  preferable;  i 
and  r,  are  again  equal  for  pinh-j 
output,  but  an  additional  resistor  r 
has  been  added,  solely  for  the  pur 
pose  of  furnishing  bias.  A  conde: 
is  usually  shown  by-passing  this  1 
cotangent  at  the  operating  point).  The  load  line  tells  us  that  the  tube  sistor,  but  its  effect  is  so  slight 

The  plate  current  due  to  a  signal  of  voltage  will  swing  between  75  and  the  performance  of  the  stage  (sin 

1  volt  would  be  given  by  Eq.  (5) :  225  volts,  while  the  voltage  across  it  is  usually  small  compared  to  r, 

.  _  20  X  1  the  load  will  swing  between  350  —  75  that  it  may  as  well  be  omitted. 

~  50.000  +  (6  ool)  ~+  21  X  50,000  =  275  and  350  —  225  =  125  volts.  It  was  shown  that  such  a  sta, 

=  _  ^  =  j7  92  X  10-*  (5)  these  values,  that  is  137.5  cannot  furnish  amplification,  i> 

1,116,000  and  62.5  volts,  will  represent  the  lim-  that  the  two  output  voltages — ore\( 

The  siginal  appearing  across  the  its  of  the  voltage  swing  across  the  a  single  one — appearing  across 
cathode  (or  plate)  resistor  will  be  cathode  (and  plate)  resistor.  The  and  H  (with  R  =  r,)  can  never  t 


FIG.  4 — Tronsionner  input  connectiona  to  phase  ineerter  tube 


Applications  of  Cathode  Follower 

As  already  mentioned,  the  tr. 
'cathode  follower”  or  “infinite  in; 

circuit  is  represented  by 
0.  Such  circuits  arej 


Use  of  Curves  for  Large  Voltage 
Variations 


For  larger  voltages,  the  use  of  of  the  cathode  resistor, 
the  characteristic  curves  is  advisable,  indication  of  the  low  distortion  is  pedance' 

Here  the  actual  grid  voltages  are  found  in  the  comparison  of  the  mid-  the  condition  R 
best  used  as  a  starting  point.  Sup-  point  of  the  signal  swing,  which  is  of  interest,  for  instance,  when  it  is’ 
pose  that  on  the  basis  of  Fig.  2  we  (135.5  +  50.5) /2  =  93  volts  with  the  required  to  place  a  voltage  divider 
decided  to  cause  an  actual  grid  volt-  zero  signal  bias,  which  had  been  for  the  purpose  of  voltage  adjust- i 
age  swing  from  —2  to  —12  volts,  determined  also  to  be  93  volts.  ment  across  a  source  not  permitting 

What  signal  voltage  will  be  needed  To  come  back  to  this  bias.  Fig.  3a  any  current  drain.  A  well  known  case 
and  what  will  the  output  voltage  be?  showed  this  bias  as  obtained  from  of  this  kind  is  the  saw-tooth  voltage 
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Mained  across  the  condenser  in  the  “ 
ml  sweep  circuit  for  cathode-ray 
,  ;cil!oscopes.  To  adjust  the  sweep 
-  nplitude  a  voltage  divider  is  needed  , 
laoss  the  condenser,  which  upsets 
the  linearity  of  this  voltage  with 
iirne  for  low  sweep  frequencies.  Such  g, 
a  stage  can  also  be  used  as  an  in-  2. 
!iite  impedance  detector,  with  a  very  >  ‘ 
:  far  characteristic.  In  both  cases  a  ^ 
Uaph  showing  the  output  voltage  as  ^ 
i  function  of  the  input  voltage  is 
sirable.  Such  a  graph  is  easy  to 
( ..nstruct  if  we  use  again  the  actual 
jiid  voltage  as  an  intermediate 
I  nk  and  as  the  independent  variable.  _ 
’This  procedure  has  at  the  same  time 
he  advantage  of  giving  that  value 
f  the  signal  voltage  at  which  we  i 
,  ijrht  expect  grid  current.  < 

ExampI*  of  Caleulatien  of  Cofhodo 
Poliowor 

\  Suppose  we  use  a  6C5  with  a  350 
It  supply,  placing  a  100,000  ohm 
osistor  in  the  cathode  lead.  These 
alues  have  been  chosen  so  that  we 
ay  use  Fig.  2,  which  was  represent- 
r,p  the  same  case.  We  then  prepare 


table  as  shown 

below,  using 

e,  as 

ndependent  variable. 

«» 

€rc 

e. 

» 

41 

309 

309 

—2 

76 

274 

272 

—1 

108 

242 

238 

--i 

141 

209 

203 

172 

178 

170 

-10 

200 

ISO 

140 

-i: 

225 

125 

113 

u 

2U 

102 

88 

-  lO 

271 

79 

63 

-IS 

202 

58 

40 

-» 

312 

38 

18 

-22 

330 

20 

—2 

-24 

340 

10 

— U 

-26 

350 

0 

—26 

— 

/ 

/ 

/ 

/ 

y 

0  100  200  300 

Signal  Voltage 

FIG.  5 — Signal  voltago.  output  Toltage 
characteristics  oi  cathode  follower,  show¬ 
ing  wide  range  oi  lineor  operation 


I  In  this  table  e,  =  actual  grid  volt- 
jrce.  e,  —  voltage  across  tube,  e„  = 
i  MiTiape  across  resistor  in  series  with 
::  he.  and  e,  =  signal  voltage.  The 
■  signal  voltage  e„  given  in  the  last 
liow,  is  obtained  by  adding  the  actual 
lyrid-to-cathode  voltage  e„  given  in 
Ijthe  first  row  (negative  values)  to 
hhe  voltage  across  r„  given  in  the 
iMMrd  row.  The  linearity,  as  shown 
j  ill  Fig.  5,  from  zero  up  to  about  290 
v  its,  where  the  table  shows  the 
rctua!  grid  voltage  to  be  about  —1 
'It  and  where  we  might  approach 
5’ne  point  of  grid  current,  thus  losing 
'he  infinite  impedance  characteristic, 
almost  unbelievable.  The  use  of  a 
high  quality  resistor  for  r*  will  con¬ 
vert  a  precision  d-c  milliammeter 
into  a  vacuum  tube  d-c  voltmeter  cap¬ 
able  of  high  precision.  To  obtain  a 
very  linear  detector  or  a-c  vacuum- 
^'>b(  voltmeter  capable  of  handling 
iivrge  signals,  all  we  have  to  do  is  to 
=spply  the  signal  with  a  bias  of  26 
vf'lts,  .as  shown  by  the  graph. 


FIG.  6 — Cathode  resistor  common  to  two 
tubes  in  parallel,  with  signal  fed  to  grid 
of  one  tube 


+  JSO  ^/f 


FIG.  7 — Schematic  circuits  used  to  illustrate 
practical  design  oi  cathode  follower 
arrangements 


Of  the  greatest  interest  is  the 
use  of  a  cathode  resistor  common  to 
two  tubes,  as  shown  in  Fig.  6.  The 
very  valuable  properties  of  this  cir¬ 
cuit  w’ere  first  recognized  by  Gold- 
berg"  and  Schmitt,*  apparently  inde¬ 
pendently  of  one  another. 

Two  Tubes  as  Cathode  Phase  Inverter 

In  the  circuit  shown  in  Fig.  6 
the  grid  of  tube  II  is  held  at  a  fixed 
potential  with  respect  to  ground  by 
the  bias  voltage  (shown  as  ob¬ 
tained  from  a  battery)  while  to  the 
grid  of  tube  I  the  .same  bias  plus  the 
signal  is  applied.  Consider  the  time 
when  the  signal  makes  the  grid  of 
tube  I  more  positive.  The  current  in 
tube  I  then  tends  to  increase;  but 
this  increase  of  current,  passing 
through  j'c,  would  like  to  make  the 
cathode  “follow,”  as  explained  be¬ 
fore,  and,  with  the  two  cathodes 
connected,  the  cathode  of  tube  II 
will  therefore  become  more  positive 
w’ith  respect  to  its  grid,  or,  what 
amounts  to  the  same  thing,  the  grid 
will  become  more  negative  with  re¬ 
spect  to  its  cathode.  This  causes  a 
decrease  of  current  in  tube  II;  this 
decrease  must  be  less,  however,  than 
the  increase  of  current  in  tube  I, 
otherwise  the  total  current  flowing 
in  the  cathode  resistor  would  de¬ 
crease,  and  the  cathode  could  not 
change  its  potential  in  the  direction 
just  reasoned.  The  plate  potentials 
:  of  the  two  tubes,  that  is,  the  poten¬ 
tial  of  the  points  .4  and  B  of  Fig.  6 
therefore  change  in  the  opposite  di¬ 
rection:  A  becomes  more  negative, 
B  more  positive.  The  question  arises 
immediately  what  these  potential 
changes  will  be  in  relation  to  the 
signal  applied  to  the  first  grid,  and 
in  relation  to  each  other. 

Before  going  into  the  exact  treat¬ 
ment  of  this  case,  a  quick  insight 
may  be  had  by  a  simple  assumption. 
Let  Tc  be  infinite,  or  at  least  very 
large.  This  would  of  course  call  for 
a  very  high  voltage  supply,  since  the 
drop  across  r*  must  be  covered  by 
the  supply.  Under  this  condition  the 
current  L  must  remain  substantially 
constant,  since  even  a  very  small 
change  would  cause  a  large  change  of 
cathode  potential.  But  since  i,  is 
equal  to  the  sum  of  t,  and  this 
means  that  any  increase  in  t'l  must  be 
accompanied  by  an  equal  decrease  in 
U.  and  the  cathodes  have  no  other 
choice  in  responding  to  the  applica¬ 
tion  of  the  signal  to  the  first  grid, 
than  to  adjust  their  common  poten- 
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tial  to  such  a  point  that  this  condi¬ 
tion  will  be  fulfilled.  For  infinite  r. 
and  linear  operation  of  the  tubes, 
this  would  obviously  be  the  case,  if 
the  cathodes  will  “follow”  just  one 
half  of  the  signal  voltage  change  ap¬ 
plied  to  the  first  grid.  Thus,  if  the 
instantaneous  value  of  the  signal  ap¬ 
plied  to  the  grid  of  tube  I  makes  this 
grid  let  us  say  4  volts  positive,  but  if 
the  cathodes  follow  2  volts,  then  the 
actual  grid  voltage  change  on  tube  I 
will  be  2  volts  positive,  on  tube  II  2 
volts  negative.  Linear  operation  of 
the  tubes  assumed,  the  two  plate 
currents  will  change  equal  amounts 
in  opposite  direction,  thus  keeping 
the  current  flowing  in  the  common 
cathode  resistor  constant  The  poten¬ 
tial  changes  of  point  A  and  B  are 
then  also  equal,  but  opposite  in  di¬ 
rection. 


Sinplified  Aaalysit  of  Circait  Opcrofion 


The  exact  treatment  of  this  case 
can  be  made  rather  involved,  but  it 
can  also  be  made  very  simple  by  the 
proper  method  of  attack. 

Suppose  we  investigate  what  hap¬ 
pens  if  we  introduce  signal  voltages 
to  both  grids.  Let  us  confine  our¬ 
selves,  however,  to  a  condition  where 
the  same  amount  of  signal  voltage 
change  is  impressed  on  both  grids, 
but  once  the  two  voltage  changes 
are  in  phase,  the  other  time  out  of 
phase. 

If  we  change  both  grid  potentials 
the  same  amount  and  in  the  same 
direction  (by  tying  the  two  grids 
together,  for  instance)  the  two  tubes 
will  act  just  like  one,  with  an  r, 
equal  to  one  half  of  the  r,  of  each 
tube,  and  a  load  resistance  also  equal 
to  one  half  of  the  load  resistance  of 
each  tube.  The  total  current  change, 
due  to  a  signal  change  Ae/  applied  to 
both  grids  will  be  given  by  Eq.  (6), 
with  the  proper  values  substituted. 
We  obtain 


at'. 


a  (ti  -h  tj)  - 


_ »>ae.' _ 

i  fJ  +  4  r,  -|-  (/u  -1-  11  r, 
(8) 


The  plate  current  change  of  each 
tube  will  be  one  half  of  the  value 
given  by  Eq.  (8),  that  is 


ai'i 


At,' 


_ I  (m  Ac,') _ 

i  +  J  r,  -|-  (m  +  1)  r, 
M  Ae.' 

-I-  r,  -I-  2  (m  +  1)  r. 


(9) 


If  we  excite  the  grids  in  push-pull, 
that  is,  make  grid  II  negative  ex¬ 
actly  the  same  amount  that  we  make 
grid  I  positive,  then,  linear  opera¬ 
tion  assumed,  the  current  in  tube  I 


+B 


FIG.  9 — Wiring  diagram  of  two  tubes 
in  cathode  follower  circuit,  with  load 
token  between  the  two  plates  In  a 
bridge  orrongement 


FIG.  10 — EquiTolent  circuit  for  bridge 
type  cathode  follower  circuit  of  Rg.  9 


will  increase  as  much  as  the  current 
in  tube  II  decreases.  For  t,  remain¬ 
ing  constant,  the  cathode  will  not 
change  its  potential  at  all,  and  the 
current  changes  taking  place  can  be 
calculated  by  means  of  the  equivalent 
plate  circuit  theorem,  as  if  the  tubes 
were  operating  with  fixed  bias. 
Therefore,  if  we  make  grid  I  more 
positive  by  Ae/'  while  making  grid 
II  the  same  amount  Ae/'  more  nega¬ 
tive,  the  plate  current  changes  will  be 


A»i' 


M  Ae.* 

R  +  r," 


Ai,' 


fi  Ae.* 
R  +  r. 


(10) 


same  amount.  The  total  result  Ji 
these  two  steps  is  obviously  a  charge 
of  Ae.  volts  on  the  first  grid,  and  zer( 
change  on  the  second  grid.  The  c^r 
rent  changes  taking  place  durini 
the  first  step  are  found  by  Eq.  (9) 
substituting  Ae./2  for  Ae.',  while  th 
current  changes  due  to  the  secor. 
step  are  found  in  a  similar  way  b 
means  of  Eq.  (10),  with  the  .^ubjti 
tution  of  Ae,/2  for  Ae.''.  Adding  th 
results  of  these  substitutions  into  E(j 
(9)  and  Eq.  (10)  we  obtain  the  t  ti 
current  changes  At,  and  At,: 


These  two  cases  are  therefore 
easily  enough  managed  mathe¬ 
matically,  but  they  are  not  what  we 
are  interested  in.  We  want  to  know 
what  happens  if  Ae,  is  applied  to  one 
grid,  while  the  other  remains  at  a 
constant  potential.  But  this  desired 
change  in  grid  potentials  could  be 
considered  as  the  result  of  two  steps : 
at  first,  we  make  both  grids  an 
amount  Ae,/2  more  positive,  while 
in  the  second  step  we  make  grid  I  an 
additional  Ae./2  more  positive,  while 
making  grid  II  more  negative  by  the 


A.  mA*»  /  1  , 

’  “  2  \r,  +  R'^r, 


1 


-I-  ft-h  2(M  +  l)f 


JL  V 

2  -f  R 


( 1  + _ _ ) 


Sii  — 


IX  Ae,  /  ’  1 

V^TTr 


r,  R  -f-  2  (#i  -f  1)  r, 

J_  IX  Ae, 

2  r,  +  R^ 

/, _ r,  +  R  ^ 

V  +  R  +  2{ix  +  l)r.) 


November  1943  —  ELECTRON!* ! 


116 


r,  +  R 


.iiignftting 

^  r,  +  ^  +  2  (>»4- 1)  r« 
could  call  this  factor  the  “devia- 
in  fac  tor  from  true  push-pull  out- 
t For  r,  =  00  the  value  of  this 
etor  becomes  zero,  and  the  two 
,rrent  changes  are  equal  in  size 
,,(i  opposite  in  sign,  as  we  had 
Irtady  reasoned  out  for  this  case, 
he  amount  of  change  is  seen  to  be 
he  same  as  if  one  half  of  the  signal, 
e.  le,/2  had  been  applied  to  each 
.be  under  fixed  bias  condition. 

Often  the  voltage  between  points 
I  and  B  alone  is  of  interest,  without 
egard  of  the  distribution.  This  volt- 
ge  is  given  by : 

Vi*  “  B  ~  B 

n  Se,  R 

rhis  is  an  important  result :  it  shows 
he  total  output  voltage  to  be  inde- 
ndent  of  the  cathode  resistor  and 
ist  as  large  as  if  the  signal  had 
een  applied  to  one  tube  only,  this 
ibe  working  with  conventional  fixed 
lias  condition. 

Example  of  Design  Procedure 

Again  an  example  may  show  most 
luickly  the  relations  and  procedure. 
For  each  triode  section  of  a  6A6 
he  following  values  were  read  from 
he  curves : 

€,  »  120  volts 
—  2  volts 
t,  *  2  ma 
M  -  35 

r*  =  25,000  ohms 

se  a  350  volt  d-c  supply  is 
available  for  the  operation  of  the 
age,  and  that  we  were  willing  to 
t  the  load  consume  150  volts.  Load 
nd  tube  w'ould  therefore  take  270 
-Its,  leaving  80  volts  for  the  cathode 
osistor.  A  current  of  2  ma  in  each 
abe  and  4  ma  in  the  cathode  resistor 
kives  then  the  resistor  values  shown 
n  Fig.  7.  The  grid  bias  will  have  to 
he  —78  volts.  If  a  one-volt  signal  is 
seed  on  the  grid  of  the  first  tube, 
record  ing  to  Eq.  (12)  the  total  out- 
ut  voltage  (that  is  the  voltage 
''ill  be, 

_  35  X  1  X  76,000 
"  75,000  -H  25,000 
If  the  output  were  true  push-pull,  the 
voltage  change  of  point  A  and  of 
point  B  would  each  be  exactly  one 
half  of  the  total  output,  or  13.125 
volts.  Actually  the  voltage  swing  of 
points  A  and  B  (Fig.  6)  will  be: 

«4  -  13.126  X  (1  -I-  F) 

«•  -  13.126  X  (1  -  F) 


The  two  output  voltages  are  of  op¬ 
posite  polarity,  or,  in  the  case  of  a-c, 
of  opposite  phase.  In  our  case  F  is 

p  _  r,  -f- 


26.25  volts 


r,  -h  /J  +  2  (m  +  1)  r, 

25,000  +  75,000 
26,000  X  75,000  +  72  X  20,000 
100,000 


0.065 


100,000  +  1,440,000 
100  1 
“  1,540  “  15.4 

Therefore 

13.125 


-  13.126  + 


-  13.125  -1- 


15.4 

13.125  +  0.852 
13.125 


13.977 


15.4 


-  -  13.126  -I-  0.862  -  -  12.273 

Improving  Balance 

For  many  applications  this  unbal¬ 
ance  of  approximately  14  percent 
would  not  be  of  any  consequence.  If 
a  closer  balance  is  required,  it  is  of 
course  possible  to  tap  the  load  re¬ 
sistor  of  the  first  tube  at  the  appro¬ 
priate  place,  and  take  the  output  from 
this  tap  instead  of  point  A.  Another 
method  of  improving  the  balance, 
used  by  Goldberg  in  later  modifica¬ 
tions  of  his  high  gain  d-c  amplifier, 
is  based  on  replacing  r,  by  a  pentode. 
Since  in  all  our  derivations  we  are 
interested  only  in  variational  resis¬ 
tances,  that  is  in  the  ratio  of  voltage 
change  to  current  change,  use  can  be 
made  of  the  very  high  plate  resistance 
of  a  pentode,  approaching  values  near 
one  megohm,  without  the  need  of 
the  high  voltage  supply  which  a 
regular  one  megohm  resistor  would 
require.  If  values  of  several  hundred 
thousand  ohms  are  introduced  in  the 
expression  for  the  deviation  factor, 
F,  it  is  seen  to  approach  zero  for  all 
practical  purposes.  Since  the  plate 
characteristics  of  pentodes  remain 
flat  to  relatively  low  plate  voltages, 
the  advantage  of  a  high  r,  can  be  had 
without  sacrificing  a  large  amount 
of  voltage  over  it. 

Cascaded  Cathode  Phase  Inverters 

If  two  or  more  stages  with  cathode 
resistors  are  cascaded,  as  shown  in 
Fig.  8,  a  considerable  improvement 
of  balance  results,  due  to  the  fact 
that  the  signal  applied  to  the  grid 
of  the  second  stage  is  already  essen¬ 
tially  a  push-pull  signal.  The  small 
unbalanced  part  of  this  signal — in 
the  above  discussed  example  about 
14  percent — will  again  be  mostly 
converted  into  a  push-pull  signal,  so 
that  the  unbalance  of  output  in  the 


second  stage  could  be  called  of  sec¬ 
ond  order.  In  this  particular  case  cal¬ 
culations  show  that  with  an  over-all 
amplification  of  26.25*  =  689  for  two 
identical  stages,  the  two  180  deg.  out- 
of-phase  output  voltages  will  differ 
less  than  one  percent  from  each 
other.  With  the  tolerances  of  com¬ 
mercial  resistors  and  with  the  tubes 
hardly  matching  that  closely,  this  is 
obviously  an  entirely  theoretical 
value;  the  actual  unbalance  might 
be  more  or  less  than  this  calculated 
value. 

Another  interesting  arrangement 
results  if  a  load  is  connected  between 
points  A  and  B.  This  load  may  be  a 
milliammeter  such  as  found  in 
vacuum-tube  voltmeters  of  the  tsrpe 
of  the  RCA  Voltohmyst.  The  funda¬ 
mental  circuit  is  shown  in  Fig.  9. 
The  current  in  the  load,  and  the  cur¬ 
rent  changes  in  the  resistors  R  due 
to  the  application  of  an  input  voltage 
can  again  easily  be  predicted  by 
means  of  the  same  reasoning  as  in 
the  open  circuit  case.  The  application 
of  Ac.  on  the  grid  of  the  first  tube 
can  be  considered  as  the  result  of  two 
steps,  as  before:  (1)  Voltage  of  both 
grids  changed  by  Ae,/2  in  the  same 
direction;  (2)  Voltage  of  first  grid 
increased  an  additional  A6./2  in  the 
same  directfon,  second  grid  Ae,/2  in 
the  opposite  direction.  During  the 
first  step  the  current  in  both  plate 
resistors  will  increase  the  same 
amount,  but  no  load  current  wiif're- 
sult;  the  second  step  represents  pure 
push-pull  operation,  on  which  the 
value  of  r,  has  no  influence.  The 
equivalent  circuit  for  this  case  is 
shown  in  Fig.  10.  The  current  in  the 
load  is  given  by 

/i  Ae.  ^  2  R 


2r,+ 


2RRl 
2R  +  Rl 
fi  Ae.  R 


2  ft  H-  Ri 


(13) 


r,  (2  ft  -t-  Rl)  +  RRi 

_ M  Ag, _ 

If  the  load  is  a  relay,  instead  of  a 
meter,  it  will  be  desirable  to  make  its 
resistance  of  such  value  that  the 
maximum  power  will  be  obtained  in 
the  coil,  or  stating  it  in  a  different 
manner,  that  operation  will  result 
with  the  smallest  possible  input.  The 
value  of  Rt  giving  the  best  match 
can  be  found  by  forming  the  expres¬ 
sion  for  the  power  in  the  coil,  P  = 
i*  X  Rl,  with  the  value  for 
i,.  from  Eq.  (13)  substituted  into 
(Continued  on  page  S12) 
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BREAKING  UP  SHELLAC 


PREPARING  A  MIX 


RECORDS  in  the 


New  series  of  photos  shows 
some  of  the  steps  in  the 
manufacture  of  discs  for 
the  public,  biggest  war¬ 
time  business  in  the  en¬ 
tertainment  field  of  elec¬ 
tronics.  Reclaiming  of  old 
platters  helps  bolster  the 
supply  of  critical  materials 
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PRESSING  A  BISCUIT 
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Biggest  wartime  business  in  the  entertainment  field 
of  electronics,  manufacture  of  phonograph  rec¬ 
ords  proceeds  at  a  healthy  pace  despite  a  shortage  of 
.'hellac  and  restrictions  which  prevent  normal  pub¬ 
licizing  of  platters  over  the  air. 

Some  of  the  interesting  processes  of  manufacture 
aro  show’n  here,  in  a  new  series  of  pictures  taken  in 
the  Camden,  New  Jersey  plant  of  the  Radio  Corpora¬ 
tion  of  America’s  RCA  Victor  Division. 

Breaking  Up  Shellac,  an  initial  step  shown  in  the 
ihotograph  captioned  with  these  three  words,  in- 
olves  the  swinging  of  a  sledge  by  a  millworker  just 
i  ►^lore  the  material  is  carried  to  a  grinder  and  pul- 
'  •  rizer. 

Preparing  A  Mix  of  shellac  and  other  essential 
: m  aterials  which  are  carefully  weighed  and  batched, 
►^xpert  workmen  deliver  the  complete  plastic  to  a 
r  a.  hine  which  rolls  and  forms  it  into  “biscuits.” 

Cutting  Original  Wax  in  the  recording  studio  is 
followed  by  the  addition  of  the  eccentric  groove  near 
the  center  which  operates  automatic  stops  and  repeat 
mechanisms  on  the  user’s  playback  machine.  This 
ritical  mechanical  chore  is  pictured. 

Plating  The  Master  preserves  it  for  posterity  and 
a!'0  permits  it  to  be  used  in  the  manufacture  of 
stampers”  from  which  actual  commercial  pressings 
■ire  made. 

Pressing  A  Biscuit  of  plastic  involves  the  use  of  a 
“stamper”  and  the  application  of  200  lb  of  pressure 
!'  r  .square  inch.  A  pre-heating  grill  for  the  cold 
biscuits  may  be  seen  at  the  left  of  the  operator. 

The  Finished  Record  is  removed  from  the  press 
ind  IS  ready  for  labelling  and  packaging  after  the 
operator  removes  rough  outside  edges. 


THE  FINISHED  RECORD 


MASS  SPECTROMETER 

j  • 

Aids  Research 


Supplementing  chemical  analysis  in  many  important  industrial  and  manufacturing  opera 
tions,  the  electronic  mass  spectrometer  quickly  and  accurately  determines  tlie  mass-to-oliaraf 
ratio  of  ions  and  permits  determination  of  constituents  of  mixtures 


By  JOHN  A.  NIPPLE 


ReMfttrch  L»borntorU;»,  Wettinghouat  Electric  and  Manufacturing  Co.,  Eaat  Pitt»bu>i/h. 


Five  years  ago  if  the  practical  en-  today  more  and  more  engineers  re- 
gineer  working  in  industry  had  sponsible  for  industrial  research  and 
heard  of  the  mass  spectrometer  at  control  problems  are  realizing  the 
all,  he  considered  it  a  gadget  that  possibilities  of  the  mass  spectrometer 
physicists  in  the  university  labora-  in  their  own  particular  fields.  A  con- 
tories  used  for  fundamental  research,  tributing  factor  in  this  change  has 
Furthermore  he  would  usually  asso-  been  the  recent  strides  in  developing 
ciate  it  with  Aston's  work  on  the  de-  practical  electronic  instruments  for 
tection  and  measurement  of  the  such  work.  It  is  the  purpose  of  this 
masses  of  the  isotopes.  However,  article  to  acquaint  executives  and  en¬ 


gineers  working  in  the  field  of  elec¬ 
tronics  with  recent  improvements 
and  industrial  potentialities  of  the 
mass  spectrometer. 

Since  the  first  mass  spectrograph 
was  constructed  a  quarter  of  a  cen- 
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voltage,  the  electrometer  tube  ampliiier  for  the  ion  current,  oad 
the  current  heating  the  filament  lupplying  the  electrons.  Al 
batteries  have  been  eliminated  with  the  exception  of  3  few  dry 
cells  having  a  very  small  current  drain,  and  principally 
as  reference  voltage 

For  simplicity  at  (a)  the  electron  gun  has  been  twisted  90  dH 
with  respect  to  the  ion  beam  in  order  to  show  all  the  tub* 
elements  more  clearly.  At  (b)  the  electron  beam  is  shown  trawl- 
ling  parallel  to  the  length  of  the  ion  slit,  os  is  usual  in  mas 
spectrometers 


FIG.  2 — ^Elements  of  mass  spectrometer  showing  (a)  a  general 
schematic  and  (b)  a  close-up  of  connections  at  ionising  source. 
The  mognet  coil  providing  the  proper  perpendicular  field  to  bend 
the  ions  is  excited  by  100  ma  at  1000  volts.  This  power  is  pro¬ 
vided  with  on  electronic  regulator.  The  ion  accelerating  voltage 
is  then  tapped  off  a  decade  potentiometer  in  parallel  with  the 
magnet,  powered  from  the  some  source  os  the  magnet.  Since  the 
ion  occelerating  voltage  will  increose  with  the  mognet  current 
(and  hence  the  magnetic  field)  some  additional  regulotion  is 
obtoined.  Additional  regulators  supply  the  electron  accelerating 
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fIG.  1 — Phantom  views  oi  mass  spec- 
tronieter.  one  general  and  the  other  a 
dose-op  oi  the  ionising  structure.  The 
■omple  of  gas  to  be  analyzed  is  ad- 
oiitted  by  a  capillary  leak,  and  the 
electron  beam  ionizes  some  of  the'  mole¬ 
cules  of  the  gos  sample.  A  difference 
in  potential  draws  the  ions  through  the 
first  slit  and  accelerates  them  to  the 
second  sliL  where  they  emerge  as  a 
beam.  This  ion  beam  travels  straight 
down  the  tube  imtil  the  magnetic  field 
bends  the  Ions  into  a  circular  path.  By 
proper  adjustment  oi  the  ion  occelerat- 
ing  voltoge  and  magnetic  field,  ions  oi 
a  particular  moss  (Le.  moss  divided  by 
chorgu)  follow  the  curve  of  the  tube 
and  emerge  through  the  exit  slit.  Here 
the  ions  ore  caught  by  a  Faraday  cage 
and  the  current  corresponding  to  this 
porticular  mass  is  measured. 

The  resolution  of  a  mass  spectrometer 
is  a  function  only  of  the  radius  oi 
curvature  of  the  ion  beam  in  the  mag¬ 
netic  field  and  the  widths  of  the 
entrance  and  exit  slits.  The  angle  of 
deflection  in  the  magnetic  field  is  im- 
moterial.  Therefore,  a  90  deg.  deflec¬ 
tion  is  used  instead  of  60  deg.  to 
shorten  the  path  and  reduce  proba¬ 
bility  oi  collision  in  the  anolyzer,  sim¬ 
plify  focusing  and  mounting,  and  to 
obtain  sturdy  mechanical  assembly 


eep  in  mind  that  the  “mass  spectro- 
raph”  and  “mass  spectrometer” 
re  not  the  same.  The  mass  spectro- 
raph  is  an  instrument  used  for 
he  specialized  problem  of  accurately 
neasuring  the  masses  of  the  ele- 
oents  and  the  exit  slit  is  replaced 
ly  a  photographic  plate.  The  mass 
pectrometer  uses  the  exit  slit  for 
scape  of  the  ions  and  makes  electri- 
al  measurement  of  the  magnitude  of 
he  current,  sometimes  even  record- 
ng  it 

The  big  advantage  of  the  mass 
pectrometer  is  its  ability  to  measure 
luickly  and  accurately  the  magnitude 
if  the  current  corresponding  to  the 
iifferent  ions  in  the  tube.  Undoubt¬ 
edly  the  mass  spectrometer  will  be 
ipplied  to  the  automatic  continuous 
eontrol  of  many  processes.  Another 
ery  promising  field  of  particular  in- 
eres'  to  the  readers  of  ELECTRONICS, 
s  its  use  in  the  study  of  the  out- 
sassi’  g  and  leakage  rate  of  various 
-aciium  vessels,  possible  improve- 
nonts  in  rectifiers,  fluorescent  lamps, 
ind  other  devices  that  depend  on  a 
ase.  us  electric  discharge  for  their 
er;  tion. 

i  To  understand  its  possibilities  for 
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industry,  let  us  consider  a  typical 
mass  spectrometer  that  is  in  general 
use  today  for  gas  analysis  and  re¬ 


the  impact  of  the  electrons  on  the  gas 
molecules  just  below  electrode  4  are 
urged  through  the  long  slit  in  elec- 


lated  problems.  Figure  1  shows  the  trode  2  by  a  small  potential  difference 
heart  of  the  mass  spectrometer,  between  4  and  2.  The  ion  beam  thus 

formed  by  this  slit  is  then  accelerated 
Mass  Spectrometer  Principles  ^y  a  much  larger  potential  difference 

between  2  and  5,  the  latter  being  at 
Electrons  emitted  by  the  filament  ground  potential.  Passing  through 
in  the  ion  source  are  accelerated  the  slit  in  5,  the  narrowly  collimated 
through  the  slits  in  the  electrodes  in  beam  enters  the  analyzer  region — a 
the  electron  “gun”  and  form  the  elec-  tube  with  a  grounded  metallic  shield 
tron  beam  as  shown.  The  voltage  and  on  the  inside.  Thus  far  the  beam 
current  of  this  beam  are  very  care-  contains  all  the  types  of  ions  that 
fully  controlled.  The  ions  formed  by  were  formed  by  the  electron  beam  in 


in  the  ion  source  are  accelerated 
through  the  slits  in  the  electrodes  in 
the  electron  “gun”  and  form  the  elec¬ 
tron  beam  as  shown.  The  voltage  and 
current  of  this  beam  are  very  care¬ 
fully  controlled.  The  ions  formed  by 


MASS  SPECTROMETER  USES 

Tracing  stable  isotopes 

Analysing  traces  of  gas  in  a  mixture 

Providing  more  rapid  and  complete  analyses  oi  mixtures 

Making  analyses  when  only  small  samples  of  gas  ore  avail¬ 
able 

Continuous  indication  of  changing  composition  during  a 
process,  such  as  the  gas  atmosphere  in  heat-treating  fvimaces 


the  ionization  region.  However,  at 
this  point  the  ion  beam  is  caused  to 
pass  between  the  pole  pieces  of  an 
electromagnet.  As  the  magnetic  field 
in  this  gap  is  perpendicular  to  the 
direction  of  motion  of  the  ions,  the 
ions  are  bent  into  circular  paths;  the 
principle  involved  is  exactly  like  that 
causing  the  deflection  of  the  electron 
beam  in  a  magnetic  oscillograph. 

Since  the  ions  have  different 
masses,  the  radius  of  curvature  of 
the  different  types  of  ions  will  be  dif¬ 
ferent  The  radius  of  curvature  in 
the  uniform  magnetic  field  is  given 


FIG.  3 — T  h  r  •  • 
▼i«wi  (front  Tiew 
showing  operating 
p  o  n  e  1 .  side  riew 
with  coTer  open, 
and  close-up  of  gas- 
flow  TalTOs)  of  the 
modem  mass  spec¬ 
trometer  discussed 
in  the  text.  It  op¬ 
erates  from  a  110  t. 
60  cps  line,  draw¬ 
ing  15  kw 


where  r  is  expressed 


in  centimeters,  H  in  gausses,  V  is  the 
potential  difference  in  volts  by  which 
the  ions  have  been  accelerated,  c  is 
the  velocity  of  light  (3  x  10“  cm  per 
second),  e  is  the  electronic  charge 
(4.8  X 10  “  e.s.u.)  and  M  is  the  mass 
of  the  ions  in  grams.  Thus  it  is  seen 
that  for  a  given  V  and  H  the  radius 
of  curvature  depends  on  the  ratio 
M/e.  Since  the  singly  charged  ions 
are  most  abundant,  the  discussion 
here  can  be  limited  to  these  and  we 
can  then  consider  that  the  radius  of 
curvature  is  dependent  only  on  the 
mass  of  the  ion. 

The  ion  accelerating  voltage  V  and  will  emerge  from  the  magnetic  field  collecting 
the  magnetic  field  H  can  be  so  ad 


in  Fig.  1  and  pass  through  the  exit 


ANALYSIS  OF  SYNTHETIC  BLENDS 

Comparison  of  known  values  of  the  samples,  with  values  determined 
hy  the  mass  spectrometer  (M.S.) 


Blend  No. 


the  analyzer.  After  measuring  the 
current  corresponding  to  ions  of  this 
particular  mass  any  other  mass  de¬ 
sired  may  be  focused  on  the  exit  slit 
and  measured  by  suitably  adjusting 
either  V  or  H  or  both. 

A  simple  example  of  the  function¬ 
ing  of  the  apparatus  is  the  analysis 
of  the. amount  of  oxygen  and  nitro¬ 
gen  in  that  common  gas  mixture,  air. 
First  a  blend  of  oxygen  and  nitrogen 
of  carefully  measured  proportions  is 
prepared  and  allowed  to  flow  through 
the  mass  spectrometer  tube  as  indi¬ 
cated  in  Fig.  2.  We  now  have  ions  of 
nitrogen  and  oxygen  emerging  from 
the  ion  source  into  the  analyzer.  The 
fields  are  adjusted  so  that  mass  2 
(nitrogen)  is  focused  on  the  exit 
slit  of  the  mass  spectrometer  and  the 


%«-C4H, 


%  tran8-/8-C4Hi 


ELECTRONICS 


November  1943 


1 

2  3 

4 

22.4 

41.6 

24.4 

23.4 

41.7 

24.0 

25.4 

41.2 

14.2 

26  1 

41.4  _ 

13  7 

26  2 

3.7 

25.3 

41 

18  3 

25  6 

20.0 

26.6 

31.1 

28  6 

26.0 

. 

28.8 

25  1 

28  6 

17  2  469 

7.0 

169  47  3 

7.1 

0 

0  0 

0 

0.30 

0.42 

0.16 

jr  to  the 
current  i 


It  of  this 


IS  in  the 
:he  iieldi 
it  of  this 
isses  suf- 
tn  in  the 
t  on  the 
ter  i  or  of 


function 


ortions  is 


tifrent  measured.  (The  atomic  is  immediately  clear  that  the  mean  Photographs  of  an  instrument  are 
w  ight  scale  will  be  used  henceforth  free  paths  (average  distance  one  shown  in  Fig.  3  and  many  of  the  vital 
to  differentiate  between  the  various  molecule  will  travel  before  striking  parts  shown  in  Fig.  2  may  readily 
-r.^rc3).  Mass  32  (oxygen)  being  another)  of  both  electrons  and  ions  be  recognized, 
fcavier  is  not  deflected  as  much  by  are  long  compared  with  the  dimen- 

fte  magnetic  field  and  is  lost  on  the  sions  of  the  apparatus.  The  sample  Practical  Applications 

giuuiKied  interior  of  the  analyzer,  flows  through  the  instrument  con- 

The  fields  are  then  readjusted  so  that  tinuously  during  the  analysis  and  the  In  discussing  the  applications  of 
|ie  current  corresponding  to  mass  pressure  is  lower  than  10  ‘  mm  of  Hg.  the  mass  spectrometer  it  should  first 
may  pass  through  the  exit  slit  and  Thus  the  probabilities  of  interaction  be  appreciated  that  most  of  the  prob- 
measured.  The  instrument  is  now  between  molecules  or  of  multiple  col-  lems  of  interest  today  are  not  as 
librated  for  nitrogen  and  oxygen  lisions  by  an  electron  are  small.  The  simple  as  the  example  using  air.  Even 
any  proportions  and  if  air  is  electron  current  in  the  beam  respon-  in  air  there  are  other  masses  pres- 
p.  'td  through  the  mass  spectro-  sible  for  the  ionization  is  the  order  ent  which  were  not  mentioned.  Let 
■  ler,  we  can  quantitatively  deter-  of  10  microamperes.  us  consider  nitrogen  in  more  detail, 

■me  the  composition.  The  ion  current  emerging  from  There  are  two  isotopes,  (elements 

the  exit  slit  of  the  mass  spectrometer  having  the  same  chemical  properties 
MagRitadas  of  Qaanfifias  is  10'“  to  10'“  ampere.  Usually  a  po-  but  different  masses),  AT*  (mass  14) 

tential  of  about  1000  volts  is  used  for  and  AT®  (mass  15),  the  latter  being 

Ilt  will  be  useful  to  have  in  mind  the  ion  accelerating  voltage,  and  for  roughly  1  percent  of  the  former, 
lit'  order  of  magnitude  of  the  quanti-  routine  analyses  the  electron  accel-  Thus  the  largest  peak  present  will  be 
involved  in  the  proper  operation  erating  voltage  is  less  than  100  volts,  mass  28  formed  by  the  ion  AT^AT*' 
of  the  mass  spectrometer.  For  in-  In  a  typical  instrument  the  radius  of  (the  Symbol  -f  being  used  in  the  con¬ 
duce,  some  question  may  arise  about  curvature  of  the  ion  beam  in  the  ventional  manner  to  indicate  that  the 
tie  extension  of  the  above  calibration  magnetic  field  would  be  10  to  15  cm.  nitrogen  molecule  composed  of  the 
ti  mixtures  in  which  the  relative  pro-  All  of  the  power  packs  must  be  two  nitrogen  atoms  of  mass  14  is 
portions  are  far  removed  from  that  very  carefully  stabilized.  The  mag-  positively  charged  or  ionized.)  How- 
fOt  which  the  calibration  was  made  netic  field  and  the  ion  accelerating  ever,  there  will  be  a  weak  peak  at 
■^in  other  words,  the  linearity  of  the  voltage  should  be  constant  to  one  mass  29  (AT'W'®*)  and  an  extremely 
i(Jii  current  corresponding  to  a  par-  part  in  five  or  ten  thousand.  The  es-  weak  one  at  mass  30  For 

ft  I  r  substance  as  a  function  of  its  .sential  components  of  a  mass  spectro-  the  u.se  of  AT*  as  a  tracer  in  chemical 
1*1  ial  pressure  in  the  mixture.  It  meter  are  outlined  in  Fig.  2.  or  biological  studies  the  mass  29  peak 
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readily  for  a  fairly  complicatt  l 
tem. 


Um  in  Hydrpcarbont  Analytis 


spectrometer  is  an  extremely  ,ower- 
ful  tool  in  analyzing  hydroc  ,rbnns 
for  impurities  of  higher  molecular 
weight  than  the  main  components 
since  there  is  no  longer  the  conflict 
in  masses  and  the  impurities  will 
stand  out  uniquely.  In  general  it 
can  be  said  that  the  problem  of  hv- 


tube  is  so  small.  This  flow  is  about 
10**  cm  liters  per  min.  (approximately] 
10  *  cubic  centimeters  of  gas  per  min¬ 
ute  measured  at  atmospheric  pres¬ 
sure)  and  can  of  course  be  made  less 
depending  on  the  design  of  the  pump¬ 
ing  system.  Since  the  flow  through 
the  mass  spectrometer  tube  must  be 
maintained  constant,  the  conven¬ 
tional  method  of  attaining  this  is  to 
bleed  the  sample  through  a  capillary 
leak  located  in  the  gas  flow  line  be¬ 
tween  the  mass  spectrometer  and  s 
containing  a  sufficient 


reservoir 
quantity  of  the  gas  that  the  pressure 
not  materially 


in  the  reservoir 
changed  during  the  time  required 
for  the  analysis. 

Because  the  mass  spectrometer  ii 
a  practical  instrument  for  segregat¬ 
ing  gas  molecules  it  promises  to  be¬ 
come  an  increasingly  valuable  tool  in 
industry. 


FIG.  4 — Portion  of  the  ■poctnim  of  normal  butane  (CJlit)  showing  C.  region  of  the  spectrum 
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MEGAPHONES 


Kesemhling  old-fashioned  acoustic  de¬ 
vices  in  appearance  and  nearly  as  easy 
to  use,  modern  sound  -  reinforcement 
units  using  vacuum-tube  amplifiers  aid 
the  Navy  in  its  job  of  maintaining  com¬ 
munications  among  convoyed  ships  that 
must  maintain  radio  silence 


Electronic 


Complete  portable  electronic  megaphone 
(obovo)  aa  made  for  U.  S.  Nary  by  Guided 
Rodic  Corp.,  and  interior  of  amplifier 
(below) 


Leather-lunged  skippers  have 
bellowed  messages  through  meg¬ 
aphones  to  seamen  aboard  their  com¬ 
mands,  longshoremen  o^  docks  and 
even  the  captains  of  passing  vessels 
since  the  days  of  the  clipper-ships. 

Funnel-shaped  acoustic  aids  give 
a  certain  amount  of  extra  punch  to 
lung-power,  concentrating  sound  in 
the  desired  direction  to  some  extent 
and  providing  a  little  reinforcement 
of  volume  at  their  resonant  fre¬ 
quencies,  but  the  war  has  created  a 
need  for  gear  having  greater  effec¬ 
tive  range.  Ships  travelling  in  con¬ 
voy  and  maintaining  radio  silence 
must  be  able  to  communicate  with 
each  other  over  considerable  dis¬ 
tances.  Landing  operations  require 
close  liaison  between  covering  naval 
forces  and  troops  hitting  the  beach¬ 
heads.  Planes  providing  protective 
screens,  or  patrolling  offshore,  fre¬ 
quently  find  it  necessary  to  talk  to 
men  far  below  on  land  or  on  the  sur¬ 
face  of  the  sea. 

Electronic  megaphones  (the  Brit¬ 
ish  call  them  “loud-hailers”)  provide 
a  modern  answer  to  such  problems. 
Newest  application  of  the  public-ad¬ 
dress  equipment  designer’s  art,  they 
comprise  in  simplest  form  small. 


light,  sturdy  two-piece  units  which 
are  entirely  self-contained  and  com¬ 
pletely  portable.  Under  average  con¬ 
ditions  such  units  transmit  intel¬ 
ligible  voice  communications  over 
distances  in  excess  of  1,000  feet. 
Similar  semi-portable  units  have 
conveyed  intelligence  to  points  well 
over  a  mile  away. 

General  Specifications 

Four  manufacturers  are  at  pres¬ 
ent  producing  electronic  megaphones 
for  the  Navy  Department  alone: 
Guided  Radio  Corporation  (New 
York) ,  Operadio  Manufacturing 
Company  (St.  Charles,  Ill.),  Powers 
Electronic  &  Communication  Com¬ 
pany  (Glen  Cove,  N.  Y.),  and  Radio 
Corporation  of  America  (Indianap¬ 
olis).  Over-all  design  follows  a  gen¬ 
eral  pattern  in  that  three  units  cap¬ 
able  of  inter-connection  are  provided : 
(A)  a  combination  microphone  and 
loudspeaker  unit  equipped  with  a 
pistol-grip,  squeeze-to-talk  switch 
and  a  strap  permitting  the  unit  to  be 
suspended  from  the  neck  or  shoulder 
of  the  user;  (B)  a  battery-powered 
amplifier,  similarly  equipped  with  a 
carrying  strap;  (C)  a  larger  ampli¬ 
fier  designed  to  be  permanentlx 
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Transmit  t(‘r 


Receptacle 


Pushbiitfon 


noticeable  at  low  audio  frequencif-gj 

(8)  Introduction  of  delay,  or  frd 
quency-selective  filters,  or  other  eh  ! 
trical  refinements,  in  the  vacuum! 
tube  amplifier  circuit. 

All  four  of  the  electronic  mejra 
phones  under  discussion,  it  is  inter 
esting  to  note,  will  develop  sufficieni 
acoustic  feedback  to  howl  at  noin,;i 
gain  if  they  are  directed  towar, 
nearby  obstructions  or  surfaet' 
from  which  sound  is  readily  re 
fleeted.  Pointing  a  shipboard  uni 


The  Megaphone  Unit  I 

The  following  text  describes  ar 
electronic  megaphone  made  by  Guided 
Radio  Corporation.  (One  of  the?( 
w’as  placed  in  service  at  Pearl  Har-1 
bor  on  December  2,  1941.) 

The  megaphone  unit  proper  cun 
sists  of  a  microphone  and  a  repro¬ 
ducer  combined  in  such  a  manner 
that  the  assembly  resembles  a  con¬ 
ventional  acoustic  megaphone.  It  i> 
provided  with  a  pistol-grip  handle 
incorporating  a  pressure-operat*  ’ 
.switch  which  closes  the  neeessarv! 


Circuit  of  the  portable  ampliiier  described  in  the  text. 

is  shown  at  the  lower  right 


mounted  at  some  convenient  point  on  vision  for  securing  desirable  acous 
deck  and  operated  by  the  ship’s  a-c 
or  d-c  power. 

Design  differs  considerably  in  de¬ 
tail.  Problems  encountered  by  each 
manufacturer  were  to  a  major  ex-  pensions  or 
tent  directly  related  to  the  need  for  microphone  and  its  housing,  or  both 
extremely  light-weight,  compact, 
weather-proof  and  mechanically  comparable  microphone  and  loud 
shock-proof  equipment.  Chief  among 
the  problems  encountered  was  the 
minimizing  of  acoustic  feedback  be¬ 
tween  microphone  and  loudspeaker. 

Obviously,  the  amplifier  gain  that 
may  be  used  and  hence  the  distance 
that  may  be  covered  is  largely  a 
function  of  the  feedback  factor.  Feed¬ 
back  is  minimized  in  each  individual 
design  by  several  or  all  of  the  fol¬ 
lowing  palliative  means; 

(1)  Close-talking  microphones. 

(2)  Microphones  having  ex¬ 
tremely  narrow  directional  pickup 
characteristics. 

(3)  Highly  directional  loudspeaker 
horns. 

(4)  Placing  of  microphones  in  the 
precise  center  of  the  axis  of  sound 
emanating  from  the  loudspeaker  but 
acoustically  180  deg.  out  of  phase. 

(6)  Careful  choice  of  distance  be¬ 
tween  microphone  and  outer  edge  of 
loudspeaker  horn,  or  equivalent  pro¬ 


loudspeaker.  10  inches  in  diameter  at  the  bell  a.' 

(6)  Acoustic  isolation  of  the  mi-  weighs  7J  lbs.  The  pistol-grip 
crophone  by  the  use  of  special  sus-  die  is  located  at  the  center  of  gravi*'* 

padding  between  the  g©  that  when  the  megaphone  is 

in  the  hand  it  balances  comfortably. 

(7)  Attenuation  of,  or  shifting  of.  The  microphone  employed  in  this 

particular  unit  is  of  the  magnetic  or 

speaker  response  peaks,  particularly  variable  reluctance  type,  in  which  a 

reed  coupled  to  a  duralumin  dia- 
phragm  is  moved  in  a  strong  per- 
manent  magnet  field.  Current  is  thus 
generated  in  a  winding  by  changes 
in  magnetic  flux.  Output  is  —30  db 
and  is  nearly  flat  between  800  an* 
1,700  cps.  Impedance  is  nominalh 
'  ohms.  The  microphone  is  sus- 

pended  within  a  housing  of  shock- 
/  absorbing  design  and  the  housing  is 

I  acoustically  insulated  from  the  rest 

of  the  megaphone  assembly  by  means 
of  felt  pads.  A  protective  screen 
keeps  foreign  objects  out  of  the  mi- 
crophone  and  a  soft-rubber  mouth- 
piece  is  fitted  over  the  microphone  to 
m  protect  the  user’s  mouth  in  rough 

_ #y  _ ^ _  seas. 

The  speaker  driver  unit  is  of  the 
moving  coil-diaphragm  type.  Experi¬ 
ence  has  shown  that  while  such  units 
may  not  be  completely  blast-proof, 
as  are  certain  other  speakers  utilized 


Electronic  megaphone  unit  as  made  for 
U.  S.  Nary  by  Powers  Electronic  &  Com¬ 
munication  Co.  It  differs  in  some  detoils 
from  the  equipment  described  in  the  text 
but  serres  the  same  military  purposes 
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jboaid  naval  vessels  and  equipped 
Aith  blast-valves,  use  of  a  molded- 
henolic  diaphragm  of  proper  design 
.rovides  considerable  protection.  The 
;jo(xiated  horn  is  of  the  folded,  dou- 
hle-ro-entrant  type  concentrating 
...und  output  in  an  angle  of  approxi- 
:!ately  30  deg.  from  the  axis.  The 
'  orn  is  fabricated  of  spun  aluminum 
■nd  is  protected  by  a  metal  screen  in¬ 
stalled  across  the  opening  of  the  bell. 
The  microphone  and  '  loudspeaker 
nits  comprising  the  megaphone 
ioper  are  moisture-proof  but  not 
nmersion-proof.  Connection  be- 
i,>een  the  megaphone  assembly  and 
ihe  associated  amplifier  is  accom- 
iished  by  means  of  a  flexible,  rub¬ 
er-covered  cable  which  emerges 
from  the  end  of  the  handle  through  a 
.able  gland.  The  free  end  of  the 
able  is  provided  with  a  cord  con- 
ector  to  fit  a  corresponding  recep- 
rtcle  in  either  a  portable  or  fixed 
(bulkhead)  amplifier.  An  extension 
-able  40  feet  long  is  supplied  to  per¬ 
mit  the  megaphone  to  be  used  at 
-ome  distance  from  a  fixed  amplifier. 

Th*  Amplifier  Unit* 

The  completely  self-contained  port¬ 
able  amplifier  is  a  two-stage  affair. 
A  triode  equipped  with  seven  series- 
connected  bias  cells  is  transformer- 
upled  to  a  twin  class  B  tube  turn- 
out  1.6  watts  of  audio  power  with 
ot  more  than  10  percent  harmonic 
dtortion.  Plate  voltage  is  obtained 
i  m  two  series-connected  67.5-volt 
'itteries.  Filaments  obtain  the  re- 
uired  2  volts  from  a  series-paralleled 
ank  of  six  li-volt  batteries,  through 
5-ohm,  1-watt  dropping  resistor 
onnected  in  parallel  with  a  2.2-volt 
ilot  lamp.  (The  brilliancy  of  the 
amp  gives  a  quick  check  on  the  con- 
ition  of  the  filament  batteries.)  In 
his  instance,  no  attempt  is  made  to 
trick  up”  the  frequency  response 
f  the  amplifier,  which  is  reasonably 
it  over  the  required  speech  range. 
Phy.sically,  the  portable  amplifier 
easures  4x5x10  inches  overall 
nd  is  provided  with  a  carrying  strap, 
he  cabinet  is  made  of  molded,  high- 
mpact  phenolic  material  and  is  fitted 
ith  a  molded  cover,  gasketted  to 
ake  the  interior  weather-proof, 
he  only  external  connections  to  the 
mplifier  are  through  a  socket  which 
eci  ives  the  plug  on  the  end  of  the 
egaphone  unit  cable.  No  manual 
djustment  for  controlling  gain  is 
T'  ided.  Gain  is  fixed,  in  the  de¬ 
ign  of  the  amplifier,  at  the  highest 
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point  consistent  with  the  desired 
portability. 

The  bulkhead  amplifier,  which  may 
be  used  in  place  of  the  portable  am¬ 
plifier  for  greater  coverage,  is  also  a 
tw'o-stage  affair.  The  first  stage 
utilizes  a  twin-triode,  which  func¬ 
tions  as  a  voltage  amplifier  and  also 
as  a  phase  inverter  providing  bal¬ 
anced  input  to  the  second  stage. 
The  second  stage  consists  of  four 
beam-power  tubes  connected  in 
push-pull  parallel,  delivering  6  watts 
of  audio  output  with  total  harmonic 
distortion  of  9  percent. 

A  full- wave  rectifier  tube  is  in¬ 
cluded  in  the  bulkhead  unit  so  that 
it  may  be  operated  from  a  115-volt, 
60-cps  ship’s  power  line,  the  total  a-c 
drain  being  85  watts.  Jumpers  or 
straps  on  the  terminal  strip  may  be 
adjusted  for  operation  on  115  volts 
d.c.,  the  unit  drawing  63  w^atts  when 


A  typical  bulkhead  ampliiier  ior  use  with 
an  electronic  megaphone 


SO  operated.  The  entire  amplifier  is 
mounted  in  a  compact  steel  cabinet, 
which  may  be  secured  to  a  bulkhead 
by  means  of  mounting  angles  which 
are  insulated  mechanically  from  the 
cabinet  through  the  use  of  rubber 
anti-vibration  mounts.  On  the  front 
panel  is  a  socket  which  receives  the 
megaphone  unit  plug,  a  power  toggle 
switch,  a  pilot  lamp  and  a  gain  con¬ 
trol.  Approximately  30  seconds  are 
required,  after  power  is  applied,  for 
the  tubes  to  warm  up. 

Post-War  Possibilities 

Vital  in  certain  military  opera- 
ations,  electronic  megaphones  ob¬ 
viously  have  peacetime  market  pos¬ 
sibilities.  They  will,  for  example,  be 
carried  by  most  ships  of  any  size 
after  the  war  and  may  be  considered 
essential  emergency  gear  for  life¬ 
boats.  Ashore,  electronic  megaphones 
appear  to  have  distinctly  useful  com¬ 
mercial  applications.  Their  extreme 
portability  lends  them  ideally  to  the 
emergency  handling  of  crowds  and 
traffic.  Industrial  uses  include  com¬ 
munications  between  foremen  and 
workmen  on  construction  jobs. 

Technically,  wartime  experience 
with  the  design  of  electronic  mega¬ 
phones  and,  particularly,  methods  of 
minimizing  howl  caused  by  acoustic 
feedback,  may  result  in  reduction  of 
feedback  in  all  sorts  of  commercial 
sound  equipment.  Considerable  data 
on  this  subject  has  already  appeared 
in  U.  S.  Patents  1,351,254,  2,063,224, 
2,218,389,  2,301,459  and  2,314,108. 
More  design  data  will  undoubtedly 
be  available  as  additional  wartime 
patents  are  issued  and  in  postwar 
literature. — W.  MacD. 


Circuit  of  th*  bulkhood  ompliiiar  discussod  in  th«  taxt.  The  input  recaptacla 
acconunodatea  the  magaphone  unit  plug  shown  achamotically  in  tha  portable 

ompliiiar  diagram 
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By  ROBERT  ADLER  Kngineering  Department  Zenith  Hadio  Oorp.  Ohiraoo, 


The  characteristics  of  the  mag¬ 
netic  material  used  in  trans¬ 
formers  and  chokes  are  not  easily 
measurable,  and  introduce  a  factor  of 
uncertainty  in  the  design  and  pro¬ 
duction  of  vacuum  tube  equipment. 
All  other  components — resistors,  ca¬ 
pacitors,  air-core  and  powdered  iron 
core  inductances — are  rigidly  tested, 
and  equipment  is  generally  available 
to  measure  their  essential  character¬ 
istics  with  good  accuracy.  But  audio 
transformers  and  chokes  in  many 
cases  are  only  tested  for  their  d-c 
resistance.  A  specified  grade  of 
lamination  material  may  be  essential 
for  proper  operation,  but  the  va¬ 
rious  grades  look  very  much  alike, 
and  electrical  checks  are  often  quite 
difficult. 

Sometimes  a  deterioration  in  the 
characteristics  of  some  complex  cir¬ 
cuit  defies  explanation  until  the 
change  is  traced  to  a  change  in  char¬ 
acteristics  of  magnetic  materials. 
By  then,  hundreds  of  assemblies  may 
have  been  completed  with  the  wrong 


laminations,  and  much  valuable  tin 
may  be  lost. 

Apparatus  for  rapid  and  easy  test 
ing  of  magnetic  materials  is 
tremely  useful  in  such  cases.  Bj 
to  obtain  such  data  as  permeabilit; 
saturation,  coercive  force  and  hystt 
esis  loss  of  magnetic  alloys,  .‘^pec 
equipment  which  is  not  easily  ava; 
able  has  been  necessary;  and  ev. 
with  such  equipment,  comparativ. 
large  amounts  of  sample  lami’ 
tions  are  generally  needed  for 
and  the  measurements  take 
siderable  time  and  effort. 

Features  of  Oscillographic  Method 

The  oscillographic  equipment  : 
scribed  makes  it  possible  to  obta 
this  data  with  great  rapidity.  (  " 
parison  checks  of  a  number  of  sa: 
pies  can  be  made  within  a  few  'r 
onds.  Initial  and  reversible  perr 
ability  characteristics,  or  increase 
loss  with  flux  density  can  be  direi. 
observed  on  the  screen  when  the  . 
rent  input  to  the  sample  is  gradii  .i 


Sample-holder  assembly  mounted  on  a 
heater  unit  ior  tests  at  high  temperatures, 
which  are  indicated  by  the  dial  ther¬ 
mometer 


Photographs  of  hysteresis  loops  obtained 
during  a  heat  run,  starting  at  80  deg.  F 
(top  photo)  and  going  up  in  three  steps  to 
200  deg.  F  (bottom  photo) 
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Magnetic  characteristics  of  laminated  material 
can  be  checked  in  a  few  minutes  during  pro¬ 
duction  runs  to  detect  wrong  laminations  in 
a-f  transformer  or  choke  assemblies,  using  a 
special  four-tube  amplifier  and  test  jig  with  an 
ordinary  cathode-ray  oscilloscope 


Complete  equipment  needed  for  obtaininq  the  B-H  curTe  oi  a 
magnetic  sample  almost  instantaneously.  The  power  trans- 


iormer  and  variable  transformer  are  at  the  left,  with  the  high- 
current  shunt  and  sample  holder  in  front  of  the  amplifier 


aied — observations  and  measure- 


to  run  tests  at  elevated  tempera-  low  voltage  and  high  intensity  is 
Mits  which  take  hours  with  older  tures  by  simply  placing  the  sample  sent  through  a  shunt  resistance  and 
^ethotis.  with  its  holder  on  a  heater  a  few  a  bar  and  collar  arrangement  by  the 

.\n  additional  advantage  of  the  inches  in  diameter.  Such  an  ar-  secondary  winding  of  the  power 
s(  illographic  method  is  that  it  per-  rangement  is  particularly  valuable  transformer.  The  washer-shaped 
lits  the  use  of  extremely  small  for  tests  on  alloys  with  low  perme-  sample  is  slipped  over  the  bar,  and 
tmples.  A  little  washer  punched  ability.  Some  of  these  alloys  exhibit  one  or  more  turns  of  fine  wire  are 
rom  a  single  lamination  is  all  that  a  large  drop  of  permeability  at  high  threaded  through  the  gap  between 
i  needed.  Less  than  one  millivolt,  temperatures,  and  this  characteristic  sample  and  bar.  The  potential  ap- 
roduced  in  a  few  turns  which  are  is  used  for  temperature  compensa-  pearing  across  the  little  loop  is  fed 
'und  around  this  miniature  ring,  tion  in  watthour  meters  and  other  into  the  input  of  an  amplifier  which 
5  sufficient  to  provide  an  indication  instruments.  The  equipment  de-  also  contains  an  integrator.  The 
f  flux  density  in  the  sample.  On  scribed  here  makes  it  easy  to  check  output  of  this  integrator  is  connected 
he  other  hand,  little  power  is  needed  the  performance  of  such  materials  to  the  vertical  plates  of  an  oscillo- 
)  saturate  so  small  a  sample,  and  the  throughout  the  range  of  their  oper-  scope.  The  potential  drop  across  the 
dole  equipment  is  compact  and  easy  ating  temperatures.  shunt  is  fed  through  a  single-stage 

3  handle.  The  samples  have  about  J  inch  amplifier  to  the  horizontal  plates  of 

The  small  size  makes  it  possible  minimum  inside  diameter.  The  ratio  the  oscilloscope.  A  variable  trans- 

between  inside  and  outside  diam-  former  serves  to  adjust  the  primary 
1  I  V  ‘  i  T I  VrV fr  ^  S  should  be  small  to  maintain  voltagesuppliedtothepowertrans- 

j  I  I  I  j  I  I  i  j  I  j  j  I  j  I  !  I  I  I  1  j  approximately  uniform  field  intensity  former. 

A  ratio  of 


throughout  the  piece.  A  ratio  of  At  any  given  moment,  the  current 
about  3:2  (for  instance,  A  inch  out-  flowing  through  the  bar  develops  a 
side  and  A  inch  inside)  is  good  corresponding  field  intensity  in  the 
enough  for  most  purposes.  sample.  At  the  same  time,  a  pro¬ 

portional  potential  is  produced  across 
Principle  of  Operation  g^unt  and  appears  amplified 

Figure  1  shows  a  block  diagram  of  across  the  horizontal  oscilloscope 
the  equipment.  A  60-cycle  current  of  the  flux  in  the  sample 

changes,  a  voltage  is  induced  in  the 
little  loop  proportional  to  dB/dt, 
the  rate  of  change  of  the  flux.  To 
obtain  B  from  this  voltage,  it  is 


Wather-shoped  sample  used  for  tests. 
Three  loops  of  the  fine  wire  are  used  here 
as  coupling  to  the  vertical  amplifier 
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account  various  constant  factors.  It 
proves,  however,  that  the  output 
from  the  integrator  stage  is  propor¬ 
tional  to  the  flux  density  in  the 
material.  The  proper  voltage  for 
the  vertical  oscilloscope  plates  must 
be  obtained  by  selecting  the  right 


Variable  Tr. 
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necessary  to  carry  out  a  process 
opposite  to  differentiation;  in  other 
words,  pass  the  voltage  through  an 
integrating  network.  A  simple  net¬ 
work  of  this  kind  is  shown  in  Fig.  2. 
The  output  from  the  loop  is  fed  into 
a  large  capacitor  through  a  large  re¬ 
sistance.  The  time  constant  of  these 
two  elements  is  large  compared  to  one 
period  of  a  60-cycle  wave.  If  E 
designates  the  potential  produced 
in  the  loop,  the  voltage  appearing 
across  the  capacitor  is  proportional 
to  y  Edt.  Since  E  is  proportional 
to  dB/dt,  the  voltage  across  the  ca¬ 
pacitor  is 

/“'  -/f  ■*  -/"  -  “ 


circuit.  The  same  four  strips  of  cop¬ 
per  braid  are  used  throughout  to 
avoid  heating.  The  bar  is  made  of 
copper,  0.100  inch  in  diameter,  sol¬ 
dered  into  a  i  inch  copper  plate,  and 
the  braided  leads  are  soldered  to  this 
plate.  The  top  portion  of  the  copper 
bar  is  slightly  tapered,  and  another 
4  inch  copper  plate  with  a  corre¬ 
spondingly  tapered  hole  is  used  for 
the  return  connection.  Contact  be¬ 
tween  bar  and  top  plate  is  very  good 
if  the  tapers  are  correct,  and  any 
heat  developed  in  the  copper  rod  is 
promptly  dissipated  into  the  two  end 
plates.  The  total  resistance  of  the 
high-current  circuit  is  less  than  0.001 


ill  tiir  aiiipiiiici  • 

Circuit  Details 

The  power  transformer  is  the  type 
used  in  small  radio  sets,  with  a  pri¬ 
mary  rating  of  approximately  40 
watts.  The  secondary  consists  of  a 
single  turn  formed  by  four  strips  of 
copper  braid,  A  inch  wide,  all  in 
parallel.  The  open-circuit  voltage 
across  this  secondary  turn  is  about 
0.1  volt,  and  it  can  handle  over  100 
amperes  without  undue  drop  of  volt¬ 
age.  At  this  high  current  intensity 
the  power  developed  is  only  in  the 
order  of  10  watts. 

Figure  3  shows  the  high-current 


FIG.  2 — Simple  integrating  network  used 
to  convert  the  induced  voltage  (propor¬ 
tional  to  dB  dt)  to  flux  6 

ohm.  Up  to  150  amperes,  it  can  be 
used  for  short  periods  without  undue 
heating. 

The  shunt  is  selected  according  to 
the  range  of  current  required  for 
the  sample.  In  most  cases  it  is  the 
largest  resistance  in  the  high-current 
circuit.  Most  shunts  produce  a  drop 
of  50  mv  at  full  rated  current,  and 
a  rating  close  to  the  required  current 
intensity  should  be  selected.  Since 
the  full  voltage  available  is  about 
100  mv,  such  a  combination  permits 


easy  adjustment  within  the  desi  ( 
range. 

With  an  output  voltage  from  -j 
shunt  of  30  mv,  a  gain  of  30  ; 
normally  needed  to  get  full  defl* 
tion  on  the  scope.  A  single  6Sr 
high-gain  triode  supplies  this  ga'. 

The  output  voltage  from  the  li* 
loop  depends  on  the  saturation  i!  : 
and  on  the  cross-section  of  the 
pie,  but  in  most  cases  it  is  a  sn.:; 
fraction  of  one  millivolt.  The  ampl 
tier  for  the  loop  must  therefore  ha 
high  gain.  It  uses  two  6SF5  tri 
with  the  integrator  section  in.sert 
between  them.  A  detailed  dia. 
of  this  amplifier  and  integrator 
given  in  Fig.  4.  The  peculiar  ch 
acteristics  required  in  this  ampli 
make  it  somewhat  unconventio 
and  therefore  it  is  described  in  de 

It  would  be  very  difficult,  even  wi 
the  largest  available  by-pas.s  ca: 
tors,  to  keep  the  time  constant  of  t 
cathode  circuits  large  compared 
one  period  of  a  60-cycle  wave;  the 
fore,  no  cathode  by-passes  are  u- 
even  though  the  loss  in  gain  is  co 
siderable.  This  disadvantage 
somewhat  compensated  by  great 
stability  of  the  overall  gain. 

The  integrator  stage  consists 
a  6SJ7  pentode  with  a  plate  load 
0.33  megohms  shunted  by  a  1- 
capacitor.  Under  the  operating 
ditions  used,  the  internal  plate  - 
sistance  of  the  6SJ7  is  about  2  '  - 
ohms,  so  that  the  effective  resis'  ^ 
across  the  plate  capacitor  is  a  ; 
0.25  megohms.  The  reactance 
1  /if  at  60  cycles  is  about  2700  hui 
so  that  the  plate  load  is  pi  d  r 
nantly  capacitive,  with  a  resi''  < 
component  of  only  1  percent.  A 


FIG.  1 — Block  diagram  of  complote  B-H  curve  tracer.  A  washer- 
shaped  sample  of  the  lamination  to  be  tested  is  slipped  over 
the  bar  that  forms  a  single-turn  loop  carrying  a  60-cycle  current 


of  the  order  of  100  amperes,  and  the  resulting  magnetization  i 
utilized  by  electronic  circuits  to  produce  the  B-H  curve  of  th 
magnetic  material  on  the  screen  of  the  cathode  ray  o<:  loscop 
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jie  higher  harmonics  present  in  this 
Hannel  the  ratio  is  even  better. 

The  total  plate  and  screen  current 
,[■  all  four  tubes  is  about  3  ma. 
riiis  small  amount  can  safely  be 
j,en  from  the  rectifier  which  sup- 
«:es  the  amplifier  and  sweep  circuits 
n  the  scope.  The  filaments  are  also 
from  the  power  transformer  in 
t'e  scope,  which,  in  most  cases,  will 
mry  this  slight  overload  without 
f.culty. 

Pha**  Angle  Cerrection 

Large  coupling  capacitances  of  0,1 
f  and  grid  leak  resistances  of  1 
le^rohm  are  used  throughout  to  keep 
he  low-frequency  response  high.  It 
oiild  be  impractical  to  increase  the 
e  of  these  parts  further,  because 
r  ail  supply  voltage  variations  with 
iv  low  frequencies  would  then 
uuse  large  vertical  excursions  on  the 

The  phase  error  caused  by  all  these 
upling  elements  adds  up  and  dis- 
■its  the  trace  very  strongly,  unless 
an.-^  are  inserted  to  compensate  it. 
[ere  is  an  approximate  computation 
f  the  total  phase  error :  At  60  cycles, 
he  reactance  of  0.1  ^f  is  27,000 
I  ms;  combined  with  a  resistance  of 
ne  megohm,  the  tangent  of  the  lead- 
phase  angle  is : 
tan  0  =  2700/10*  =  0.027 


FIG.  3  Details  of  the  bar  and  collar  used  for  magnetising  the  sample  to  be 

tested 


This  corresponds  to  about  1.5  deg. 
There  are  altogether  four  such  net¬ 
works  in  the  vertical  channel,  as¬ 
suming  that  similar  coupling  ele¬ 
ments  are  used  in  the  ampliner  stage 
contained  in  the  scope.  This  gives 
a  total  phase  shift  of  6  deg.  for  60 
cycles.  At  the  third  harmonic  the 
phase  shift  is  only  2  deg.  Since  the 
voltage  in  the  vertical  channel  con¬ 
tains  very  strong  harmonics,  a  phase 
shift  of  4  deg.  and  more  between 
fundamental  and  harmonics  is  suffi¬ 
cient  to  confuse  the  result  com¬ 
pletely. 

An  equalizer  is  therefore  inserted 
in  the  input  to  the  first  stage  of  the 
vertical  amplifier.  It  is  drawn  in 
detail  in  Fig.  5a.  The  function  of 


the  equalizing  network  is  to  intro¬ 
duce  a  lag  inversely  proportional  to 
frequency.  At  high  frequencies  the 
two  capacitors  simply  act  as  a  ca¬ 
pacitive  voltage  divider  without  in¬ 
troducing  phase  shift,  but  at  low’ 
frequencies  part  of  the  input  current 
runs  through  the  4000-ohm  resistor. 
Accurate  phase  compensation  is  best 
obtained  by  adjusting  this  resistor, 
since  the  phase  shift  caused  by  the 
scope  itself  is  different  w’ith  scopes 
of  different  manufacture.  Directions 
for  the  adjustment  of  the  phase 
equalizer  are  given  later.  It  is 
interesting  to  note  that  the  equal¬ 
izer  also  compensates  a  small  resid¬ 
ual  phase  error  produced  in  the 
(Continued  on  p<i(]e  -Hi) 


FIG.  4 — Circuit  used  for  the  amplifiers  and  integrator 
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Phase-Shift  Oscillator 

DESIGN  CHARTS 

For  test  equipment  requiring  either  a  fixed  or  variable  audio-frequency  voltage  source 
the  simple  one-tube  phase-shift  oscillator  offers  frequency  stability  and  good  wave  lorn 
at  low  cost.  With  the  nomograms  given  here,  its  design  reduces  to  simple  arithiiietii 


By  WALTER  W.  KUNDE 

Engineering  Department 
Thordaraon  Electric  ilanufacturing  Co. 
Chicago,  Jllinoia 


IN  designing  various  types  of  test 
equipment  a  voltage  source  op¬ 
erating  at  a  fixed  frequency  other 
than  60  cycles  is  often  desired.  The 
single-tube  phase-shift  oscillator  has 
found  wide  application  in  this  field 
due  to  its  simplicity,  excellent  stabil¬ 
ity  and  good  wave  form.  When  fol¬ 
lowed  by  an  amplifier  designed  to 
furnish  the  required  output  voltage, 
it  can  be  used  to  supply  power  for 
a-c  bridge  measurements,  insulation 
tests,  testing  aircraft  transformers 
and  their  associated  equipment,  and 
many  other  purposes. 

The  basic  circuit  for  an  oscillator 
of  this  type  is  shown  in  Fig.  1.  When 
using  ordinary  resistors  and  capac¬ 
itors  the  actual  frequency  obtained 
may  differ  slightly  from  the  computed 
value,  due  to  manufacturing  toler¬ 
ances  of  the  components  used.  Any 
one  of  the  resistors  or  capacitors  in 
the  phase-shift  network  may  be 
varied  slightly  to  compensate  this 
effect.  This  is  accomplished  very 
nicely  by  making  one  of  the  resistors 
semi-variable. 

The  constants  used  in  the  phase- 
shift  network  to  obtain  a  desired 
frequency  are  determined  by  the 
formula 

^  ~  2r  yfeRC 

The  alignment  charts  shown  in 
Fig.  2  and  Fig.  3  were  developed  to 


minimize  errors  and  give  a  rapid, 
visual  indication  of  possible  RC  com¬ 
binations  which  would  give  the  de¬ 
sired  frequency. 

It  was  shown  by  Ginzton  and  Hol¬ 
lingsworth*  that  the  circuit  gain 
must  equal  a  minimum  of  29  for 
oscillation  to  take  place.  This  condi¬ 
tion  is  readily  met  provided  that 
R  »  Rl,  where  Rt  is  the  equivalent 
parallel  value  of  the  plate  resistor 


*  Ginzton,  E.  L.  and  Hollingsworth,  L.  M., 
Phase-Shift  Osoiilators.  Proc.  /.  R.  B.,  p.  43, 
Feb.  1941. 


and  the  grid  resistor  of  the  follow 
ing  amplifier  tube.  This  is  appare: 
when  we  consider  the  equation 

,,.a  +  23|+4(f)’ 

where  A  is  the  gain  required  f 
oscillation  to  start.  A  is  independtr. 
of  frequency  when  R  »  Rl. 
example,  let  R  —  Rl  for  some  give; 
frequency.  One  can  readily  see  thi 
the  required  gain  for  oscillation  t 
start  is  aproximately  double  that  re 
quired  when  R  is  much  greater  tha- 
Rv. 


0-1' 

FIG.  1 — Basic  circuit  oi  the  phase-shift  oscillator.  The  output  frequency  is  deter 
mined  by  the  yalues  oi  R  and  C,  and  these  are  qiTen  in  the  acoompanyin? 
nomograms.  Other  circuit  values  follow  conventional  practice  and  hence  ore  not 
given.  In  a  variable-frequency  audio  oscillator,  a  three-gong  voriable  copocitoi 
can  be  used  for  C  or  ganged  rheostats  can  be  used  for  fl 
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2— Nomogram  for  determining  ralues  ol  R  and  C  In  the 
?  shift  oscillator  circuit  oi  Fig.  1.  The  ranges  of  Tolues  are 
priote  for  a  fixed-frequency  oscillator,  permitting  a  choice 
values  for  the  fixed  resistors  and  capacitors 


FIG.  3 — Nomogrom  for  the  same  conditions  as  Fig.  2.  but  with  a 
range  of  copacitance  values  more  appropriate  for  a  variable- 
frequency  oscillator  in  that  it  covers  variable  capacitor  ranges 
that  are  readily  obtainable.  The  frequency  con  go  up  to  100  kc 


is  deter- 
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ore  not 
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The  chart  shown  in  Fig.  2  is  used 
iimarily  for  fixed  low-frequency 
illators  when  a  high-gain  tube 
-vh  as  the  1851  is  used.  Lower  val- 
s  of  Ri  are  used  for  a  tube  of  this 
pe.  consequently  R  can  be  made 
aller  for  a  given  frequency  and  C 
in  the  range  of  the  more  commonly 
ail:  ble  values. 

Figure  3  is  a  more  universal  chart 
ai  is  used  for  both  fixed  and 
uriable-frequency  oscillators.  Note 
at  the  values  of  C  correspond 
y  to  the  values  of  variable 
:  itors  considered  to  be  com- 
^  n.  For  variable-frequency  oscil¬ 


lators,  either  the  resistors  R  or  the 
capacitors  C  may  be  variable  and 
ganged  together.  In  a  laboratory 
oscillator  requiring  more  than  one 
frequency  range,  variable  capacitors 
with  a  10-to-l  range  may  be  used 
with  a  switch  that  changes  the  en¬ 
tire  set  of  resistors  in  decade  steps. 

Example  1:  The  desired  frequency 
is  1  kc.  Assume  Rl  =  50,000  ohms. 
Using  either  Fig.  2  or  Fig.  3,  de¬ 
termine  suitable  values  for  R  and  C 
as  follows:  Remembering  that  R 
must  be  very  much  greater  than  Rl, 
assume  a  value  of  650,000  ohms  for 
R.  Place  a  straight  edge  on  1  kc  and 


on  R  =  650,000  ohms,  and  read 
0.0001  fit  as  the  required  capacitance. 

Example  2:  To  design  a  variable- 
frequency  oscillator  using  variable 
capacitors  whose  range  is  20  to 
500  /ijLif,  assume  R  =  1,000,000  ohms 
for  the  middle  range  of  frequencies, 
and  use  Fig.  3  as  follows  to  deter¬ 
mine  suitable  values  of  i?  &  C:  Using 
the  assumed  value  of  as  a  pivot 
point,  allow  the  straight  edge  to 
slide  between  the  maximum  and 
minimum  values  of  C.  The  frequency 
range  is  determined  immediately 
without  any  lengthy  calculations,  be¬ 
ing  approximately  130  to  3200  cps. 
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Weatin0hou$e  Electric  and  Manufacturing  Co.,  Bloomfield,  y.  J. 
Electronics  and  Engineering  Division 


Radiography  and  X-Ra 


Industrial  radiography  is  an  important  aid  in  current  production.  Some  applications  ol 
radiography,  the  characteristics  of  x-ray  equipment,  and  the  fundamentals  of  tube  desi'm  foi 
x-ray  equipment  intended  for  inspection  purposes  on  factory  production  lines  are  "iver 


The  ability  to  penetrate  matter, 
whether  it  be  a  number  of  inches 


4L  whether  it  be  a  number  of  inches 
of  hardened  tool  steel  or  a  delicate 
and  complicated  network  of  the 
human  organism,  is  not  the  sole  re¬ 
quisite  of  a  radiation  which  can  be 
used  in  radiography.  It  is  necessary 
that  the  material  being  radiographed 
modify  the  penetrating  radiation  in 
a  manner  indicative  of  its  geometry 
and  structure.  It  is  further  neces¬ 
sary  that  some  method  be  found  for 
decoding  the  message  left  with  the 
quanta  of  radiation  as  they  pass 
through  the  material. 

In  addition,  it  is  desirable  to  have 


the  source  of  radiation  convenient 
and  ready  to  operate  at  the  lightest 
touch  of  the  hand  in  a  modern  hos¬ 
pital,  or.  ready  for  instant  use  on  the 
production  line  of  a  factory.  It  is 
the  purpose  of  this  article  to  describe 
briefly  the  current  methods  of  x-ray 
generation  from  the  point  of  view  of 
x-ray  tube  design. 

Compared  to  other  electronic  tubes, 
the  x-ray  tube  is  relatively  an 
old  timer.  The  discovery  of  x-ray 
tubes  stimulated  the  development  of 
gas-discharge  tubes,  thus  introduc¬ 
ing  the  field  of  electronics.  In  addi¬ 
tion,  it  provided  a  key  to  modern 


A 


Mass-production  x-ray  machine  mounted  over  a  conveyor  belt  and  capable 
of  inspecting  17.000  parts  in  a  24-hour  day.  Adequate  lead  protection  is 
provided,  permitting  use  of  the  machine  at  any  desired  location  in  a  plant 


quantum  physics,  and  all  the  rich 
and  inexhaustible  phenomena  asso¬ 
ciated  with  the  modern  concept  of 
the  atom. 

The  art  of  manufacturing  x-ray 
tubes  has  gone  a  long  way  since 
x-rays  were  first  detected  by  Roent¬ 
gen  in  1895.  The  applications  have 
progressed  by  leaps  and  bounds,  to 
encompass  the  broadest  variety  of 
endeavor.  Today  x-ray  is  used  as  a 
simple  and  reliable  tool  for  science 
medicine,  and  industry. 


Physical  Preportias  of  X-Rays 


Electromagnetic  rad.  t  Jons  of  ex¬ 
tremely  short  wavelength  are  pro¬ 
duced  as  the  result  of  the  collision 
between  high  velocity  electrons  ar" 
atoms.  These  radiations  are  props 
gated  with  the  same  speed  as  light 
follow  the  inverse  square  law,  are 
unaffected  by  electric  or  magnet'- 
fields,  and  can  be  reflected,  diffracted 
refracted,  and  polarized.  The  ra  . 
can  produce  fluorescence  and  phc-| 
phorescence  and,  in  sufficient  ir. 
tensities,  are  able  to  modify,  darr. 
age,  or  destroy  living  cells.  Their 
ability  to  blacken  sensitized  film  in 
a  manner  proportional  to  their  in¬ 
tensity,  in  addition  to  their  prop¬ 
erty  of  penetrating  solid  matter  in  a 
nondestructive  manner  with  partia 
absorption  of  the  beam,  has  been  the 
basis  of  radiography. 

It  would  be  possible  to  measure  the 
quantity  and  intensity  of  x-rays  in 
terms  of  the  physical,  chemical,  or 
biological  effects.  The  practical  unit 
of  x-ray  quantity,  the  roentgen  unit 
is  defined  in  terms  of  the  ionizing 
properties  of  x-rays.  One  roentgen 
is  obtained  when  under  standard  cmi- 
ditions  of  0  deg.  C  and  760  mm  pres¬ 
sure,  sufficient  ionization  occurs  in 
1  cc  of  air  to  produce  one  electrostatic 
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FIG.  1 — Maximum  frequency,  minimum  wavelength,  and  election 
velocities  as  functions  of  impressed  x-ray  tube  voltage' 


WAvcLenrm,  x-  anostroms 


2 — Ulrey's  curves  for  quality  of  x-radiation  from  a  tunqitnll 
teaget.  The  wavelength  is  indicoted  in  units  of  10'*  cm 


unit  of  charge  at  saturated  current. 
All  secondary  electrons  within  the 
volume  must  be  fully  utilized  and  sec¬ 
ondary  radiation  from  the  wall  of 
the  chamber  avoided.  The  roentgen 
or  r  unit  per  second  is  the  corre¬ 
sponding  unit  of  intensity. 

Upon  collision  with  the  material 
of  the  target,  there  is  a  probability 
that  the  kinetic  energy  of  the  elec¬ 
tron  will  be  released  in  the  form 
of  high-frequency  electromagnetic 
radiation,  the  maximum  frequency 
of  which  is  determined  by  the  Duane 
and  Hunt  quantum  equation : 

Ve  h  Vamx  =  1/2  m»*  (1) 

where  V  is  the  impressed  voltage,  e 
is  the  charge  of  the  electron,  h  is  the 
Planck  constant,  v..,  is  the  maximum 
frequency  generated,  m  the  mass, 
and  V  the  velocity  of  the  electron.  As 
will  be  discussed  in  a  later  section, 
the  probability  that  the  collision  will 
result  in  the  generation  of  x-rays  is 
very  low,  and  is  dependent  upon  the 
atomic  number  and  the  impressed 
voltage.  Numerical  values  of  the 
variables  in  Eq.  1  are  shown  in  Fig. 
1  for  the  peak  voltages  indicated.  It 
is  interesting  to  note  that  the  elec¬ 
tron  velocity,  when  calculated  with¬ 
out  a  relativity  correction,  is  equal 
to  the  speed  of  light  at  250,000  volts. 


For  a  particular  value  of  tube  volt¬ 
age  it  is  found  that  a  continuous 
spectrum  of  x-rays  is  produced,  the 
maximum  frequency  of  which  is  de¬ 
termined  by  Eq.  (1). 

Figure  2  indicates  Ulrey’s  curves,* 
which  demonstrate  the  continuous 
character  of  the  rays.  According  to 
his  data  the  total  energy  of  the  x-ray 


beam  as  represented  by  the  area] 
under  each  of  the  curves  of  Fig.  2 
is  proportional  to  the  square  of  the  I 
exciting  voltage  for  constant  tubej: 
current.  The  maximum  on  the 
curve  of  relative  intensity  versus 
wavelength  occurs  at  a  wavelength  of  I 
approximately  1.5  times  the  mini-! 
mum  wavelength  defined  by  Eq.  (1).  { 
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wavelength  or  monochromatic  x-ravs  in  angstrom  units 

FIG.  3 — X-ray  transparency  curve  as  a  function  of  monochromatic  wavelength 
for  0.1  cm  thickness  of  beryllium,  aluminum,  iron,  and  copper 
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The  frequency  or  wavelength  char- 
uteristic  of  the  continuous  spectrum 
s  independent  of  the  material  of  the 
The  total  energy  of  the  con- 
iiiuous  spectrum  is  found  to  be  ap- 
iioximately  proportional  to  the 
‘  mic  number  of  the  target  mate- 
al,  to  the  electron  current,  and  to 
he  square  of  the  impressed  tube 
ifage  for  constant  tube  current. 

In  addition  to  the  continuous  x-ray 
■ectrum,  x-rays  are  emitted  with 
rave-lengths  which  are  characteris- 
io  of  the  target  material.  These  char- 
teristic  radiations  owe  their  origin 
a  electron  transitions  in  the  various 
rbits  of  the  atom.  If  an  electron  in 
shell  near  the  nucleus  is  removed, 
s  by  collisions  with  high  speed  elec- 
runs  or  photons  of  sufficient  energy, 
n  electron  from  an  outer  level  will 
fall”  into  the  vacated  position.  If 
yf  represents  the  difference  in  the 
nergy  between  the  two  levels,  the 
requency  of  the  excited  character- 
tic  radiation  is  determined  by  the 
r  lation 


Monochromatic  lines*  having  the 
•liriimum  wavelength  characteristic 
f  a  given  material  are  shown  in  the 
“ble.  The  characteristic  x-ray  lines 
"rresponding  to  lower  energy  tran-  it  as  the  target  of  an  x-ray  tube,  ap- 
itions  have  longer  wavelengths  than  plying  suitable  voltages,  and  using 
e  minimum  ones  indicated  in  the  appropriate  external  filters  to  reduce 
ible  as  fcv,  lines  in  Angstroms.  the  intensities  of  lines  in  other  re- 
Approximately  monochromatic  ra-  gions  of  the  x-ray  spectrum.  This 
iation  at  a  wavelength  correspond-  approximately  homogeneous  radia- 
!g  to  the  characteristic  lines  of  a  tion  has  proven  invaluable  in  diffrac- 
iven  metal  can  be  produced  by  using  tion  work  in  connection  with  the 


Shock-proof  220-kT  industrial  x-ray  machine.  The  tiibe  mounting  proTides 
maximum  flexibility  as  to  position  with  respect  to  the  specimen  being  examined 


investigation  of  crystalline  and  mole¬ 
cular  structures,  in  conducting  re¬ 
search  on  alloys,  in  fabrication  of 
metals  and  in  many  other  applica¬ 
tions. 

CHARACTERISTIC  EMISSION 

Char.  Blin.  Wave-  E^ulv. 

Atomic  lenxth  lUcctron 
Klcment  Number  (Anjrstroms)  Volts 

Aluminum  13  7.95  1550 

Chromium  24  2.06  6000 

Iron  26  1.74  7100 

Nickel  28  1.48  8350 

Copper  29  1.38  8950 

Molybdenum  42  0.619  20.000 

Tungsten  74  0.179  69,000 

Lead  82  0.141  87,500 

Physical  Basis  of  Radiography 

The  spacing  between^  atoms  of  va¬ 
rious  metals  is  of  the  order  of  mag¬ 
nitude  of  several  angstrom  units. 
Thus  as  can  be  noted  in  Fig.  1,  x-ray 
wavelengths  are  reasonably  small 
compared  to  lattice  spacings.  The 
probability  of  x-ray  absorption  by  a 
solid  decreases  as  the  wavelength  of 
the  x-rays  decreases.  The  question 
of  the  absorption  of  x-rays  is  funda¬ 
mental,  not  only  because  of  the  e.\- 
treme  importance  of  this  effect  in 
radiography,  but  because  it  is  a  sal¬ 
ient  factor  in  designing  equipment 
with  adequate  x-ray  protection. 

In  passing  through  material  of 
thickness  x,  x-rays  of  intensity  7, 


EQUIVALCNT  ELECTRON  KILOVOLTS 


WAVE  LCNSTH  OF  MONOCHROMATIC  X-RAYS  IN  AN6STROM  UNITS 

FIG.  4 — X-ray  transparency  curve  as  a  function  of  monochromatic  wavelength 
for  various  thicknesses  of  aluminum 
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ation  according  to  Eq.  (1)  is 
cated  for  reference  only  at  the  toj 
of  each  curve.  Actual  impress  ed  volt 
ages  would,  of  course,  not  ordy  pr^, 
duce  continuous  spectra  sirtiiiar  tc 
those  described  in  Fig.  2,  but  als( 
the  monochromatic  lines  cha  acter 
istic  of  the  material,  if  the  voltagei 
are  high  enough  to  energiz.  thes( 
levels.  The  increase  in  transp  irencj 
with  decrease  in  waveleng:h  an( 
atomic  number  is  seen  in  Fig.  3. 

That  increasing  the  thickness  de 
creases  the  amount  of  x-ray  travers 
ing  a  given  material  is  evident  in 
Fig.  4  where  transparency  curves 
are  drawn  for  several  thicknesses  ol 
aluminum.  Similar  curves  for  iron 
are  shown  in  Fig.  6. 

In  actual  practice  the  x-ray  beam 
is  heterogenous.  Since  the  long  wave¬ 
length  portion  of  the  beam  does  not 
have  the  penetrating  ability  of  the 
short  wavelength  fraction,  a  greater 
proportion  of  the  long  wavelength 
radiation  is  absorbed  when  x-rays 
pass  through  a  given  material,  in 
this  way  tending  to  shift  the  ma\i. 
mum  on  the  continuous  x-ray  curve 
to  short  wavelengths.  The  effect  of 
various  thicknesses  of  aluminum  in 
modifying  the  quality  of  the  50-kv 
incident  curve  of  Fig.  2  is  shown  in  Fig.  6. 


WA\/BIJEN6TH  OF  MONOCHROMATIC  X-RAYS  IN  ANGSTROM  UNITS 

FIG.  5 — ^X-ray  traniparracy  curr*  os  a  Innction  oi  monochromatic  worolonqth 
ior  Torioua  thicknossM  of  iron 
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FIG.  7 — Typical  donaity*lo9  exposure  curve  ior  commercial 
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FIG.  6 — Change  in  quality  and  relatiTe  Intentity  of  50- 
kiloToIt  radiotion  sent  through  sheets  of  aluminum 
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but  alsj  l!  .pjjg  ability  of  sensitized  film  to 
bt'  iicter  L.^icate  by  differences  in  degree  of 
>  voltagej  j.iacicening  the  differences  in  x-ray 
iz*-  thes,  [jjj^nsities  caused  by  nonhomogene- 
ireririj  specimen  is  essential  in 

|g‘h  anj  j^j^diography.  The  general  response 
If’  i  haracteristic  of  commercial  x-ray 
kness  d?-  '  jg  indicated  in  Fig.  7.  The 
^  traver;-  v.,yi(jer  of  the  curve  limits  the  con¬ 
fident  in  jjigrjj  intensities.  Recently 

^  '  tcveloped  industrial  films  do  not 
nesses  c*.  a  shoulder  within  the  range 

‘’^^1  f  usable  densities. 

I  In  practice  the  quantity  of  x-rays 
ray  bea  the  film  through  the  ma- 

>nK  wavc^  being  radiographed  is  adjusted 
oes  n  j  ^  obtain  film  densities  on  the 
^  ortion  of  the  curve  with  steepest 

a  greate  ^  ,  where  the  contrast  is  greatest, 
avelengtr  amount  of  x-ray  reaching  the 
sn  x-rav-.  through  the  specimen  is  con- 
’  i  rolled  by  varying  the  voltage  across 
'  ^  be  tube,  the  plate  current,  and  the 

’  jtime  of  exposure.  A  sample  exposure 
j  hart  for  various  sections  of  steel  is 

ttinum  1  i  '  1.  u'i  ^  o 

the  50' 

Contrast  in  a  radiograph  can  also 
”  ^  |ne  varied  by  changing  the  plate  volt- 

I®  ige  at  which  the  exposure  is  to  be 
age.  it  1-  jg  evident  in  Fig.  4  that 

i  monochromatic  radiation  which  has 
;  traversed  a  section  of  aluminum  hav- 
— I  -I  ing  the  indicated  thicknesses  would 

Ip  ave  far  greater  relative  differences 

_  j  at  low  than  at  high  voltages.  In  other 

I  words,  the  contrast  on  a  film  exposed 

_  to  the  emergent  beam  would  be 

1  greater  at  low  voltages,  as  indicated 
hy  relative  densities  on  the  film. 

i  Monochromatic  radiation  is  an  ab¬ 
stract  concept  as  far  as  most  radiog- 
1  raphy  is  concerned.  For  actual  im- 
;  pressed  d-c  voltages,  a  continuous 

-  spectrum  is  obtained,  rather  than  the 

monochromatic  line  indicated  in  Fig. 

-  4.  The  predominance  of  lower  volt- 

i  age  radiation  produces  in  practice 

-  greater  contrast  than  is  indicated  in 

.  the  figure.  Curves  B,  C  and  D  may 

_  I  therefore  be  considered  to  indicate 

[  minimum  contrast. 

_ 'On  the  other  hand,  usual  radio- 

graphic  techniques  cannot  handle  too 
wide  a  variation  in  the  thickness  of 
1  the  material  at  low  voltages,  particu- 
Blarly  when  very  thin  sections  are 
I  present.  When  the  technique  is  se- 
■  lected  for  certain  sections  of  the 
i  material,  other  sections  may  be  un- 
r  I  f Continued  on  page  S18) 


Ilf  long-wavelength  low-voltage  radi- 
^  fion  occurs  when  the  d.c.  impressed 
Jtage  is  replaced  by  half  or  full- 
I  ave  voltages  of  the  same  maximum 
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FIG.  I — Technique  chart  for  rolled  steel 
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FIG.  9 — Cross-section  of  x-ray  tube 


A  220-kT  x-ray  tube  ior  therapy  purposes,  with  provisions  for  forced  air 
cooling  of  the  anode 
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FIG.  5 — X-ray  tronsporancy  curra  as  a  iunctioii  ol  monochromatic  woralangth 
lor  Torious  thicknassas  of  iron 


are  absorbed  according  to  the  fol¬ 
lowing  equation: 

///.  (3) 

where  I  is  equal  to  the  intensity  of 
the  emergent  beam,  /i  is  the  absorp¬ 
tion  coefficient,  and  /t/p  is  the  mass 
absorption  coefficient  of  the  ma¬ 
terial.  The  latter  coefficient  is  com¬ 
monly  used  since  it  is  independent 
of  the  physical  state  of  the  material. 

The  mass  absorption  coefficient  of 


a  metal  is  a  function  of  its  atomic 
number  and  the  wavelength  of  the 
incident  radiation.  In  Fig.  3  the 
ratio  of  fraction  of  I/h  as  deter¬ 
mined  from  various  published  fig¬ 
ures*'  *’  *  on  [i/p  is  plotted  for  various 
metals  as  a  function  of  the  wave¬ 
length  of  homogeneous  incident 
radiation. 

The  minimum  voltage  capable  of 
producing  such  monochromatic  radi¬ 


ation  according  to  Eq.  (1) 
cated  for  reference  only  at  the  to 
of  each  curve.  Actual  impress  d  vo! 
ages  would,  of  course,  not  only  pr 
duce  continuous  spectra  similar 
those  described  in  Fig.  2,  bot  a! 
the  monochromatic  lines  cha  ac 
istic  of  the  material,  if  the  voltag 
are  high  enough  to  energize  th 
levels.  The  increase  in  trans  aren 
with  decrease  in  wavelength 
atomic  number  is  seen  in  Fig.  3. 

That  increasing  the  thickness  d 
creases  the  amount  of  x-ray  traver 
ing  a  given  material  is  evident 
Fig.  4  where  transparency  cur\ 
are  drawn  for  several  thicknes.ses  c 
aluminum.  Similar  curves  for 
are  shown  in  Fig.  5. 

In  actual  practice  the  x-ray  be 
is  heterogenous.  Since  the  long  wav 
length  portion  of  the  beam  does 
have  the  penetrating  ability  of  th 
short  wavelength  fraction,  a  grea 
proportion  of  the  long  waveleng 
radiation  is  absorbed  when  x-ra 
pass  through  a  given  material 
this  way  tending  to  shift  the  ma 
mum  on  the  continuous  x-ray  cur 
to  short  wavelengths.  The  effect 
various  thicknesses  of  aluminum 
modifying  the  quality  of  the  50 
curve  of  Fig.  2  is  shown  in  Fig.  i 
Since  the  continuous  spectrum  is 
function  of  the  applied  voltage,  it  i 
evident  that  a  greater  predomina 
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FIG.  6 — Change  in  quality  and  relotiTe  intensity  oi  50- 
kiloToIt  radiation  sent  thraugh  sheets  of  aluminum 
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f  long-wavelength  low-voltage  radi- 
;on  occurs  when  the  d.c.  impressed 
is  replaced  by  half  or  full- 
3ve  voltages  of  the  same  maximum 

i'uCS. 

Xhe  ability  of  sensitized  him  to 
dicate  by  differences  in  degree  of  , 

ackening  the  differences  in  x-ray 
tensities  caused  by  nonhomogene-  i 

*v  of  the  specimen  is  essential  in 
idiography.  The  general  response  ! 

aracteristic  of  commercial  x-ray  j 

.ni  is  indicated  in  Fig.  7.  The 
alder  of  the  curve  limits  the  con¬ 
st  at  high  intensities.  Recently 
eloped  industrial  films  do  not 
xhibit  a  shoulder  within  the  range 
f  usable  densities. 

In  practice  the  quantity  of  x-rays 
aching  the  film  through  the  ma- 
rial  being  radiographed  is  adjusted 
as  to  obtain  film  densities  on  the 
rtrtion  of  the  curve  with  steepest 
pe  where  the  contrast  is  greatest, 
he  amount  of  x-ray  reaching  the 
m  through  the  specimen  is  con- 
folled  by  varying  the  voltage  across 
he  tube,  the  plate  current,  and  the 
ne  of  exposure.  A  sample  exposure 
hart  for  various  sections  of  steel  is 
hown  in  Fig.  8. 

Contrast  in  a  radiograph  can  also 
e  varied  by  changing  the  plate  volt- 
ge  at  which  the  exposure  is  to  be 
ide.  It  is  evident  in  Fig.  4  that 
mochromatic  radiation  which  has 
raversed  a  section  of  aluminum  hav¬ 
ing  the  indicated  thicknesses  would 
ave  far  greater  relative  differences 
at  low  than  at  high  voltages.  In  other 
vvords,  the  contrast  on  a  film  exposed 
to  the  emergent  beam  would  be 
greater  at  low  voltages,  as  indicated 
ly  relative  densities  on  the  film. 

Monochromatic  radiation  is  an  ab- 
ftract  concept  as  far  as  most  radiog¬ 
raphy  is  concerned.  For  actual  im- 
i  rt^s.^od  d-c  voltages,  a  continuous 
fpectrum  is  obtained,  rather  than  the 
monochromatic  line  indicated  in  Fig, 

4.  The  predominance  of  lower  volt- 
r'ge  radiation  produces  in  practice 
greater  contrast  than  is  indicated  in 
the  figure.  Curves  B,  C  and  D  may 
therofore  be  considered  to  indicate 
tninimum  contrast. 

On  the  other  hand,  usual  radio- 
graphic  techniques  cannot  handle  too 
wide  a  variation  in  the  thickness  of 
the  material  at  low  voltages,  particu- 
i’arl.v  when  very  thin  sections  are 
I'fos' nt.  When  the  technique  is  se- 
_  or.  '  for  certain  sections  of  the 
material,  other  sections  may  be  un- 
( Continued  on  page  S18) 

•  :  TRONICS  —  November  1 943 


KHovoltag* 

80  90  KX)  no  120  130  140  150  IbO  170  180  190  200  210  220 


VAWAWJm 


1.0  1.5  ZO  2.5 

Thickness  in  Inches 

FIG.  I — Technique  chart  for  rolled  steel 


-TUNssTtN  nuiMtirr  copper  mooc  radiator 

I  ROO 

OCAL  CUP  TVlNSSTEN  I  KOUW  COPPSR  I  RA 

I  TAReCT  SOiMR  SCAl.  I 


ACTUM.  SPOT 


KOUMt  SCASSi 
SAAUNO  I 
IMBTAl. 


aLAss 

emvclopc. 


EFFECTIVE  SPOT 


>^OVAR  SUMS 
SEAL 


FIG.  3 — Cross-section  oi  x-ray  tube 


A  220-kv  x-ray  tube  ior  therapy  purposes,  with  provisions  for  forced  air 
cooling  oi  the  anode 
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The  principles  of  automatic  and  right-left  types  of  visual  direction  finders  are  discuss*  d  in 
this  article.  Details  of  operation  of  two  types  of  direction-finding  equipment  in  wide  use 
will  he  treated  in  forthcoming  issues  of  Electronics 
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IN  distinction  to  the  direction  find¬ 
ers  of  the  aural  null  type  which 
have  been  extensively  described  in 
the  literature*,  there  are  numerous 
types  in  which  the  proper  bearing  is 
determined  by  means  of  a  visual  de¬ 
vice.  The  operator  is  not  required  to 
listen  for  a  minimum  signal  as  in  an 
aural  null  type,  reception  with  phones 
being  only  needed  for  station  identifi¬ 
cation  or  for  monitoring.  The  pur¬ 
pose  of  a  visual  system  of  the  type 
discussed  in  this  paper  is  two-fold: 
(1)  to  provide  greater  convenience 
or  accuracy  in  indication  of  bearings, 
and  (2)  to  permit  simple  resolution 
of  the  180  deg.  ambiguity  in  bearings 
which  occurs  in  the  accurate  null  de¬ 
termination  with  an  aural  device. 

Visual  direction  finders  may  be 
grouped  in  two  main  classes.  Auto¬ 
matic  direction  finders  indicate  di¬ 
rectly  on  a  360  deg.  scale  the  station 
bearing.  Right-left  types  utilize  a 
zero-center  meter  or  similar  indi¬ 
cator  and  indicate  deviations  in  bear¬ 
ing  from  the  manually  established 
loop  position. 

Aural  null  direction  finders  are 
sometimes  provided  with  a  tuning 
indicator  or  output  meter.  However, 
this  will  not  be  classed  as  a  visual 
direction  finder,  inasmuch  as  the  con¬ 
dition  of  giving  “sense”  or  of  elimin¬ 
ation  of  180  deg.  ambiguity  is  not 
fulfilled. 

A  historical  summary  of  the  early 
types  of  visual  direction  finders  has 
been  given  by  Tuska*,  and  refers  to 
work  by  Leib,  Busignies,  Dieckman 
and  Berndorfer,  Hell,  and  Schepp- 
mann.  As  a  result  of  work  by  these. 


*  Bond,  D.  S.,  “Radio  Direction  Finders,” 
to  be  published  by  McGraw-Hill  Book  Co., 
Inc.  The  present  article  is  condensed  from 
Chapter  VI  of  this  book. 

*  Tuska,  C.  D.,  Radio  in  Navigation,  Jour¬ 
nal  of  the  Franklin  Institute,  228,  pg.  4,33, 
Oct.  1939 ;  pg.  581,  Nov.  1939,  especiaily 
p.  582-5. 

*  An  Automatic  Direction  Finder,  Commun¬ 
ications,  18,  pg.  10,  Oct.  1938. 
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a  visual  system  of  the  “left-right” 
type  was  developed.  This  system  has 
had  widespread  use  in  aircraft  in 
the  United  States.  The  device  indi¬ 
cates  whether  the  craft  carrying  the 
instrument  is  headed  to  the  left  or 
right  or  on  a  desired  course. 

The  first  successful  commercial 
automatic  direction  finder  in  general 
use  in  the  United  States  was  devel¬ 
oped  in  1937  jointly  by  Radio  Cor¬ 
poration  of  America  and  Sperry 
Gyroscope  Company.*  Later  designs 
have  embodied  these  same  general 
principles. 

Automatic  Diroction  Finders 

In  order  to  study  the  detailed  cir¬ 
cuit  of  a  self-orienting  automatic 


direction  finder,  it  becomes  import¬ 
ant  to  study  two  topics  concerned 
with  circuit  operation:  (1)  balanced 
modulator  circuits  and  (2)  relations 
of  carrier  and  sideband  vectors. 
First,  however,  an  examination  may 
be  made  of  a  block  diagram  of  the 
direction  finder  system  in  which  bal¬ 
anced  modulators  occur.  This  is 
shown  in  Fig.  1. 

The  a-c  supply  serves  to  modulate 
the  r-f  carrier  in  the  loop  channel  by 
means  of  balanced  modulator  A.  In 
this  the  inputs  consist  of  the  large- 
amplitude  local  a-c  signal  and  a  much 
smaller  r-f  signal.  The  difference  in 
amplitude  and  the  fact  that  two  dif¬ 
ferent  frequencies  are  fed  in  are 
points  of  importance. 

Balanced  modulator  B  is  supplied 
with  voltage  directly  from  the  a-c 
supply  and  also  with  a  signal  of  this 
same  frequency  from  the  output  of 
the  a-f  amplifier.  Here  the  two  am- 
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FIG.  1 — Block  diagram  of  essential  electrical  elements  of  the  automotic  dlrec 
don  finding  eguipment 
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FINDERS... Part  I 


plitudes  may  be  comparable.  Phase 
relationships  become  of  importance 
for  this  case.  Each  of  these  two  types 
of  systems  will  be  taken  up  in  the  fol¬ 
lowing  discussion. 

Two'Sigaal  Balaaeed  Modalators 

A  very  general  t3T)e  of  circuit  of 
this  type  employs  two  nonlinear  ele¬ 
ments  Vi  and  V,  as  in  Fig.  2.  It  wrill 
be  assumed  here  that  |  | » |  £*  I  to 
simplify  the  analysis.  The  fre¬ 
quencies  of  components  present  will 
be  the  same  without  this  limitation, 
however. 

A  further  assumption  will  be  made 


cos  (3u)a  +  f»B)t  +  cos  (3<d^  —  <!)*)< 

would  be  identified  by  (3a>4  :iz  o>  *) 
in  which  a  =  3  and  6  =  1.  The  two 
algebraic  signs  identify  upper  and 
lower  sideband  components,  and  the 
order  of  taking  the  difference  is  im¬ 
material.  The  latter  means  that  no 
limitation  is  imposed  upon  the  rela¬ 
tive  magnitudes  of  iha  and  u),.  The 
various  magnitudes  are  summarized 
in  the  table. 

Other  combinations  of  two  non¬ 
linear  elements  may  be  analyzed  in 
similar  fashion  either  for  balanced 
or  unbalanced  circuits.  However  for 
applications  to  direction  finders  the 


where  conditions  are  such  that 

e,  ^  Eboos  io>t  + ^)f 
since  these  are  assumed  to  be  of  the 
same  frequency.  The  phase  differ¬ 
ence  between  the  two  inputs  is  desig¬ 
nated  by  <f>. 

A  rather  extended  analysis  would 
show  that  there  is  a  direct  current 
component  of  the  output  which  var¬ 
ies  as  a  function  of  the  phase  angle 
between  Ea  and  Eb.  This  output  cur¬ 
rent  is 

*jf  =  EaEbHi  cos  <f>  (3) 

where  Hi  is  a  constant  of  proportion¬ 
ality.  Whether  E,  reverses  in  phase 
or  whether  it  varies  continuously  in 
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FIG.  2  (Above) — Schematic  circuit  oi  two-signal 
balanced  modulator 

FIG.  3  (Right) — Circuits  lor  nonlinear  operation  ol 
the  two-signal  balanced  modulator 
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that  V,  or  V,  behaves  in  nonlinear 
fashion  so  as  to  exhibit  a  forward  re¬ 
sistance  Rf  during  one  half-cycle  of 
Ea  and  a  reverse  resistance  Rr  when 
Ea  polarizes  it  in  the  opposite  sense. 
For  these  two  cases  the  circuits  are 
as  shown  in  Fig.  3. 

A  Fourier  analysis  of  the  wave  re¬ 
sulting  from  this  modulator  equiva¬ 
lent  circuit  shows  that  there  are  side¬ 
band  components  symmetrically  dis¬ 
posed  with  respect  to  the  odd  har¬ 
monics  of  the  input  Ea.  Neither  Ea 
itself  nor  any  of  its  harmonics  is 
present.  This  may  be  illustrated  if 
one  designates  the  Ea  input  and  its 
harmonic  frequencies  (including 
fl-c.)  by  a(j).,/2ii  where  a  =  0,  1,  2,  3, 
•  -  .  and  the  E,  input  and  harmonics 
by  6a)j,/2it  where  6  =  0,  1,  2,  3,  .  .  . 
Then  such  a  pair  of  terms  as 


case  considered  is  the  most  impor¬ 
tant  two-element  system. 

Singlt-FrcqHcncy  Balanced  Modulators 

The  modulator  systems  considered 
above  were  supplied  with  two  sig¬ 
nals  of  different  frequencies.  The 
important  case  arises  especially  in 
a-f  or  power  frequency  modulator 
circuits  when  the  two  signals  are  of 
the  same  frequency,  but  where  the 
phase  may  vary.  A  circuit  similar  to 
Fig.  2  may  be  analyzed  without  any 
limitation  imposed  upon  the  relative 
amplitudes  of  Ea  and  E*.  The  circuit 
of  Fig.  2  may  be  redrawn  in  accord¬ 
ance  with  Fig.  4.  The  voltages  e,  and 
e,  are  related  to  the  applied  voltages 
as  follows: 

e,  =  n) 


phase,  Eq.  (3)  applies  to  show  the 
behavior  of  this  type  of  balanced 
modulator.  The  automatic  direction 
finder  to  be  described  utilizes  the  two 
conditions  of  <^  =  0  and  <f>  =  it.  Ad¬ 
justments  are  provided  to  secure 
these  particular  phase  relations  to 
produce  maximum  angular  sensitiv¬ 
ity. 

Carrier  and  Sideband  Relations 

The  circuit  in  the  loop  channel 
designated  as  balanced  modulator  A 
in  Fig.  1  is  of  the  type  discussed 
under  the  heading  of  Two-Signal 
Balanced  Modulators.  The  large- 
amplitude  signal  Ea  is  of  the  a-c 
power  supply  frequency,  while  Eg  is 
the  r-f  carrier.  From  the  analysis 
given,  it  is  seen  that  sidebands  of 
'  le  r-f  carrier  appear  in  the  output, 
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f  s) 


the  can 


FIG.  4 — Two-si«nal  modulator  circuit  of  Fig.  2. 
gonoralizod  ond  without  limitations  on  oporotion 


FIG.  5 — Voctor  diagram  reprosonting  the  rslotions  botwoon  the  carrier  oad 
sideband  frequencies,  illustrating  that  the  resultant  OR.  Tories  in  maqnitudt 
depending  upon  the  phose  relations  of  the  upper,  U,  or  lower,  L.  sideband 
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(a) 

Carrier  suppressed ; 
Two  sidebands; 
LcxDp  position  B 
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(b) 

Carrier  resupplied  ; 
Two  sidebands. 
Loop  position  B 
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(cl) 

Carrier  suppressed; 
Two  sidebands; 
Loop  position  A 


Carrier  resupplied; 
Two  sidebands; 
Loop  position  A 


FIG.  7 — Vector  diagram  of  carrier  and  upper  and  lower 
sidebands,  corresponding  to  Fig.  6,  for  position  of  loop 
giring  minimum  signal 


FIG.  6 — Resultant  Tector,  R.  of  upper  and  lower  sidebands, 
L  and  U.  respectiyely,  for  signals  with  carrier  suppressed 
and  for  carrier  resupplied,  for  position  of  the  loop  giring 
maximum  signal 
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FIG.  9 — Diagram  illustrating  the  return 
of  the  motor  drire  to  the  null  position 


FIG.  8 — The  phase  of  the  a-f  enrelope  is  reversed  as  at  (b)  when  the  carrier  of 
the  original  phase  is  resupplied 
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FIG.  10 — The  direction  of  rotation  of  a  two-phase  a-c  motor  moy  be  reversed 
by  reversing  the  phase  of  one  winding  with  respect  to  that  of  the  other 
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the  carrier  itself  is  suppressed. 

^  ■  ..Vi,en  the  carrier  is  resupplied  from 
i  i;:  e  antenna  by  means  of  the  antenna 
C  l  ;l  :plin>r  circuit.  The  phase  relation- 
IlL’  ps  among  the  components  may 
1^'  .;t  be  analyzed  by  considering  the 
KLrrier  and  sideband  vectors. 

Q  } )  In  a  normal  modulated  carrier  sys- 
(ej  ^  the  carrier  may  be  represented 
(is  a  rotating  vector  C  in  the  con- 
'  -Honal  manner  for  an  a-c  wave.  If 

o”®  examines  it 

1^'  ^-troboscopically  at  intervals  equal  to 
.  period,  the  lower  and  upper  side- 
I!;..nd  components  (L  and  U)  will  be 
*  :ct>'rs  rotating  more  slowly  or  more 
than  the  carrier  vector,  so 
^  ,1  at  L  will  appear  to  rotate  in  one 

ini.vi  tion  and  U  in  the  other,  with  an 
*  kiular  velocity  — o),  or  where 
l»(.'2ic  is  the  audio  modulation  fre- 
rn  > .  Furthermore  it  is  character- 
®  -tic  of  amplitude  modulation  that 
I  He  vector  sum  of  L  and  U  always 
-  along  C.  The  vectors,  viewed 
i.  jMiioscopically  for  various  portions 
!  f  the  audio  cycle,  are  shown  in  Fig. 
i  5.  It  will  be  noted  that  R,  the  re- 
f  Isultant  of  L  and  U,  is  a  vector  of 
{varying  length  but  always  in  the 
:  {same  direction  as  C  (or  180  deg.  re- 

t 

;  I  This  is  the  only  phase  relationship 
;  I  v  ich  can  be  specified,  inasmuch  as 
!  jC.  L,  and  U  are  of  different  fre- 
^  jquencies.  When  the  carrier  is  sup- 
;  j  pressed,  the  output  of  balanced  mod- 
I  lulator  A  continues  to  be  represented 
i  Iby  the  vectors  L  and  U  of  Fig.  6  for 
0  !  ;the  same  phase  of  incoming  carrier 

j  las  before.  This  may  be  compared 
j  I  with  (d)  of  Fig.  5. 

;  {  The  r-f  carrier  in  the  loop  channel 
i  I  reverses  when  the  loon  is  rotated 
I  I  through  a  null  point.  The  180-deg. 

I  4  zones  on  the  two  sides  of  a  null  may 
I  I  be  identified  as  Loop  Position  A 
j  j  and  Loop  Position  B.  When  the  car- 
I  •  rier  of  fixed  phase  is  resupplied  from 
I  i  I  the  antenna  channel  the  result  will 
I  ^  be  as  in  (h)  of  Fig.  6. 
j  J  Since  the  reversal  of  loop  position 
I  I  causes  a  1 80-deg.  reversal  of  all  r-f 
I  I  components,  the  case  analogous  to 
I  j  j  to)  of  Fig.  6  is  given  in  Fig.  7.  Then 
{  :  "hen  the  carrier  of  the  original 
phase  is  resupplied  from  the  antenna 
channel,  one  has  the  result  of  (h) 
in  Fig.  7.  The  a-f  envelope  of  the 
carrier  is  clearly  reversed.  This  is 
illustrated  in  Fig.  8. 


TABLE  I 

Relative  Amplitudes  of  Components  for 
Two-Sicnal  Balanced  Modulator 
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0 
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0 
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0 
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0 

0 

0 

0 

0 
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detector  of  the  receiver  is  thus 
changed  by  180  deg.  when  the  loop  is 
reversed.  The  general  conclusion 
may  be  drawn  for  a  system  of  this 
sort  that  reversal  of  r-f  phase  in  the 
loop  channel  reverses  the  phase  of 
the  audio  signal.  The  principal  visual 
direction  finder  systems  described 
in  this  paper  function  by  virtue  of 
this  effect.  When  the  loop  is  on  one 
side  of  the  line  of  nulls  (bearings 
0  deg.  to  180  deg),  audio  output  from 
the  receiver  is  of  one  phase;  when 
the  loop  is  on  the  other  side  of  the 
null  points  (bearings  between  180 
deg.  and  360  deg.),  the  audio  output 
is  of  the  opposite  phase. 

Motor  Control  Circuits 

The  reversing  of  the  a-f  phase  is 
employed  to  cause  the  loop  to  be 
driven  by  a  reversible  electric  motor 
to  a  point  of  null  loop  signal  pickup. 
Because  of  the  fact  that  this  motion 
may  be  in  one  direction  when  the 
initial  position  of  the  loop  is  be¬ 
tween  0  deg.  and  180  deg.  and  in  the 
opposite  direction  for  bearings  180 
deg.-360  deg.,  it  is  evident  that  the 
loop  will  always  drive  to  the  0  deg. 
null.  This  is  indicated  in  Fig.  9.  In 
the  special  case  where  the  loop  is 
exactly  180  deg.  off  the  “correct” 
null,  the  audio  output  of  modulation 
frequency  is  again  zero,  and  hence 
there  is  no  restoring  motor  torque. 
Any  slight  electrical  disturbance  will 
be  sufficient  to  upset  this  balance 
momentarily,  and  the  resultant  mo¬ 
tor  torque  in  a  properly  designed 
motor  control  circuit  will  be  sufficient 
to  start  the  loop  in  motion,  so  that 
audio  control  voltage  will  be  devel¬ 
oped  and  drive  the  loop  toward  the 
correct  null.  Conditions  at  the  180 
deg.  (or  “false”)  null  are  analogous 
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The  phase  of  the  a-f  voltage  at  the 
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to  those  of  balancing  a  pencil  on  its 
point. 

Now  it  is  a  well-known  fact  that  a 
two-phase  a-c  motor  (often  used  as 
a  capacitor-type  motor)  requires 
that  its  two  fields  be  excited  by  two 
voltages  of  the  same  frequency  but 
of  90  deg.  phase  difference.  If  this 
difference  is  of  one  algebraic  sign, 
the  motor  will  rotate  in  one  direc¬ 
tion,  while  if  the  sign  is  reversed, 
the  direction  of  rotation  will  be  also 
reversed,  as  shown  in  Fig.  10. 

Thus  such  a  motor  may  be  used 
for  a  reversible  drive  with  the  re¬ 
ceiver  output  as  voltage  Ei  and  a 
voltage  Et  serving  as  a  reference 
phase  and  derived  from  the  same 
source  as  used  for  modulator  A.  The 
requirement  of  adequate  power  of 
course  necessitates  a  suitable  a-f 
amplifier  connected  as  shown  in  Fig. 
1.  For  aircraft  automatic  direction 
finders  5  to  30  watts  maximum  power 
may  be  required,  and  this  can  be 
obtained  from  a  class  A  or  B  output 
stage. 

The  band-pass  filter  serves  to  at¬ 
tenuate  speech  and  other  modulation 
components  which  may  be  present  on 
the  carrier,  to  prevent  excessive 
motor  heating  or  overloading  of  the 
a-f  amplifier.  The  motor  control  am¬ 
plifier  and  the  motor  itself  constitute 
a  phase  comparing  system  like  the 
type  of  modulators  described  under 
Single-Frequency  Balanced  Modu¬ 
lators.  These  therefore  perform  the 
function  of  modulator  B  of  Fig.  1. 

System  Limitations 

This  system  has  three  limitations. 
One  results  from  the  fact  that  one 
field  of  the  two-phase  motor  is  ex¬ 
cited  continuously.  In  small-size 
units  operating  near  full  power  this 
means  unnecessary  heating  and  low 
efficiency  of  power  conversion.  In 
the  second  place,  the  efficiency  of  the 
high-level  audio  amplifier  is  some¬ 
what  low.  Especially  for  aircraft  ap¬ 
plications,  w’here  size  and  a-c  power 
supply  are  limited,  this  is  a  serious 
disadvantage.  Lastly,  no  provision  is 
made  to  keep  the  mechanical  system 
from  oscillating  or  “hunting”  about 
its  equilibrium  position.  The  cure 
for  this  is  one  of  the  main  problems 
of  the  design  of  servo  devices  or 
electro-mechanical  follow-up  systems. 
This  will  be  treated  more  fully  later. 
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SUPERHETERODYNE 

Converter  Terminolog 


A  critical  analysis  and  summary  of  existing  accepted  terms,  and  suggested  additions  ti 
converter  terminology,  plus  a  systematic  treatment  of  converter  theory  which  include 

some  of  the  latest  developments 


Many  difficulties  in  understand¬ 
ing  frequency  conversion  and 
the  relations  between  frequency  con¬ 
version,  modulation  and  detection  are 
caused  by  improper  terminology. 

Some  terms,  such  as  heterodyne  de¬ 
tection,  have  a  number  of  different  “Standards  on  Radio  Receivers, 
meanings.  Others  are  not  clearly  de-  1938”  and  are  cited  in  the  appendix 
fined.  In  the  following  discussion,  as  a  starting  point  for  a  discussion 
some  standardized  terms  concerning  of  frequency  conversion,  and  for  a 
superheterodyne  converters  are  re-  comparison  between  frequency  con- 
staved,  and  some  tentatively  sug-  version  on  one  side  and  detection  and 
gested  new  terms  are  proposed.  They  modulation  on  the  other  side.  Pro- 
are  the  result  of  the  writer’s  experi-  posed  new  terms  are  also  summarized 
ence  in  teaching  classes  at  Cruft  Lab-  in  the  appendix  for  convenient 
oratory,  and  have  been  extensively  reference, 
tried  out  on  students  with  encourag¬ 
ing  results  Tentative  Classification  of  Converters 

Fundamental  definitions  already  The  list  of  technical  terms  indi- 
agreed  upon  and  widely  accepted  cates  many  possibilities  for  grouping 
are  not  changed  and  are  used  as  a  and  classification  of  converters  and 
foundation  for  additional  definitions,  mixers.  The  following  classification 
These  accepted  definitions  are  from  has  been  found  to  have  practical 
the  Institute  of  Radio  Engineers’  advantages. 


A.  Type  of  Circuit 

1.  Single  input  mixers  (nttworl 
coupling) 

a.  Mixers  with  common  inpu 
and  output  circuits  (cryj 
tals  or  diodes,  as  in  Fig 
4a.) 

b.  Mixers  with  separate  inpul 
and  output  circuits  (triodes 
or  pentodes,  as  in  Fig.  22 
and  4b.) 

2.  Double  input  mixers  (ele^ 
tron  coupling,  as  in  Fig. 
and  5a.) 


Cruft  Laboratory 
Harvard  University 
Cambridge,  Mass. 


B.  Type  of  Tube 

1.  Converter  tubes  (oscillati " 
and  mixing  in  one  tube,  as  in 
pentagrid  converters) 
a.  Oscillation  and  mixing  ir 
same  electron  stream  (Fig 


b.  Oscillation  and  mixing  ir 
separate  electron  strearr= 
(Fig.  6c). 

Mixer  tubes  (oscillation  in  a 
separate  tube,  as  in  a  penta¬ 
grid  mixer) 


CONVERTER  and  MIXER  CLASSIFICATION 


C.  Electrode  Arrangement 

1.  Outer  grid  injection  (OGI' 
converter  and  mixer  tubet 
(Fig.  5c). 

2.  Inner  grid  injection  (IGh 
converter  and  mixer  tubef 
(Fig.  5b). 


Double 


D.  Type  of  Operation 

1.  Sliding  Q-point  or  FPO  conr 
verters  (Fig.  2a,  4a  and  4b) 

2.  Shifting  Q-point  or  CPO  con- 
verters  (Fig.  3a,  5a,  5b  and 


Double 
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This  classification  is  not  complete 
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Coupling 

Operation 

Tube 

Circuit 

Network 

Sliding  Q-point 

Mixer 

Separate  input  and 
output 

Network 

Sliding  Q-point 

Diode  or 
crystal 

Common  input  and 
output 

Electron 

Shifting  Q-point 

Mixer 

i 

Electron 

1  U 

i 

« 

M 

Shifting  Q-pjoinl 

Converter 

44 

a 

a 

Oscillator  and  mixer  inj 
same  electron  stream  | 
Osc  and  mixer  in  j 

sej>arate  stream  ' 

Inner  grid  injection 
Outer  grid  injection  1 

?* 


^  FIG.  1 — Suin-patl«rn  (o)  and  product-pattarn  (b)  oi  two  waro*  ol 
angular  Tolocity  A  and  B 


9m  = 


,  9m  =  (gm)Q-^y^  (lo)j2A,28 

_  a'  a*b 
gm  =  '"i";^C<^'r“‘P“  U*-8I 


FIG.  2 — Circuit  diagram  and  i;.-«f  characterUtic  ior  sliding  Q-point 
or  FPO  conTorter 
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FIG.  3 — Circuit  diagram  and  i^-o,.  characteristic  lor  shifting 
Q-point  or  CPO  conrerter 


LMi  must  be  extended  if  more  ex- 
reme  types  of  u-h-f  converters  are 

i.nsidered. 

Slidisg  Q-point  or  FPO  Convorters 

The  action  that  takes  place  in  a 
r  dll  la  tor  or  detector  is  frequently 
lexribed  in  the  literature  as  an 
it’ion  concerning  the  Q-point  To 
tress  the  similarities  between  fre- 
:pay-converting  devices  and  mod- 
:  tiny  or  detecting  devices,  it  is  ad- 
ptayenus  to  classify  and  describe 
rsquency  converters  from  the  point 
f  view  of  the  Q-point  situation. 

The  first  type  of  converter  to  be 
idered  is  the  sliding  Q-point  or 
PO  converter  (the  alternative  lat- 
part  of  the  name  will  be  dis- 
s  i  later).  Assume  a  diode*  or 
!ii-electrode  tube  circuit  of  the 
;  •  indicated  in  Figs.  2  or  4.  As- 
lit  for  simplicity  that  the  input- 
^tput  characteristic  of  Fig.  2b  is  a 
arat  ia  and  that  the  load  impedance 
4  is  resistive  and  negligible  com- 
with  the  inner  resistance  of 
e  square-law  device.  If  now  two 
3  (^.)4  and  (c,)ii  of  frequencies 


A 12.%  and  B/2%  are  applied  in  series, 
they  constitute  the  sum  pattern 

cxj”(e.)i-|-(«.)»=*£.co8  41  +  E,  cos  Bt  (1) 
This  summation  is  shown  graphically 
in  Fig.  la  (where  the  generalized, 
notations  c,  and  e,  have  been  used). 
It  is  important  to  note  that  although 
the  sum  pattern  show's  a  periodic 
variation  of  frequency  |A — B\/2%,  no 
additional  frequency  has  been  de¬ 
veloped.  ^When  the  pattern  is  passed 
through  the  square-law  device,  how¬ 
ever,  it  loses  its  symmetry;  it  be¬ 
comes  rectified.  The  rectified  sum- 
pattern  represents  an  output,  which 
contains  new’  frequency  components 
in  addition  to  the  original  ones. 

When  the  square-law  device  is 
used  as  a  modulator,  the  modulat¬ 
ing  voltage  (c.)*  may  be  quite  large 
compared  with  the  r-f  voltage  (e,)^. 
The  action  caused  by  the  modulating 
voltage  may  therefore  be  visualized 
as  a  considerable  sliding  movement 


*  The  treutnieut  of  the  diode  applies  in 
part  to  crystals.  One  main  difference  between 
crystals  and  diotles  is  that  the  crystal  has 
reversed  conductivity.  Crystal  converters 
are  desirable  l»e<'ause  of  their  hitrh  sljjnal-to- 
noise  ratio. 


of  the  original  Q-point,  and  thus  as 
a  periodic  variation  of  the  transcon¬ 
ductance  or  transadmittance  (the 
conductance  or  admittance  in  case 
of  a  crystal  or  diode)  of  the  device. 
Consequently  the  r-f  wave  will  be¬ 
come  periodically  expanded  and  con¬ 
tracted,  or  amplitude  modulated.  If 
the  transconductance  or  slope  of  the 
characteristic  in  the  original  Q-point 
is  indicated  by  (Pm)o  =  k  and  the 
rate  of  change  of  the  slope  by  K, 
then  for  the  c-value  e  =  of  Eq. 
(1),  the  conventional  formula  for 
the  parabola 

i  =  ke  +  iK^  (2) 

yields  seven  different  terms.  These 
seven  terms  are  as  follows: 


i  =  i  A'  (A.*  -f  A.*) 
-r  ifc  A,  coe  Bl 
-r  i  A'  A.*  cos  2Bl 
+  k  E,  cos  .4  ( 

+  \  K  E.*  cos  24t 


Rect.  d-c  (3) 
Mod.  freq.  (4) 
2nd  harmonic  (5) 
Carrier  freq.  (6) 
2nd  harmonic  (7) 


-fi  A  A,  A,  cos  iA  —  B)t  Lower  side  freq  (8) 
A  A.  A,  cos  (.4  -f  B)  t  Upper  side  freq.  (9) 

This  expansion  is  useful  for  a 
qualitative  discussion  even  if  the 
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FIG.  5 — ^Mixor  and  convorter  tubes  with  inner  grid  inioction  and,  outer  grid 

iniection 


previous  assumptions  are  not  exactly 
fulfilled.  When  the  square-law  de¬ 
vice  is  utilized  as  a  modulator  (as 
described  above) ,  the  desirable  modu¬ 
lation  output  contains  the  carrier 
(6)  and  the  two  side  frequencies  (8) 
and  (9) ,  additional  components  being 
by-passed  by  the  load. 

When  the  square-law  device  is 
utilized  as  a  frequency  converter, , 
then  (e.)i  represents  the  incoming 
r-f  carrier  voltage  and  (c,)«  the 
voltage  from  the  local  oscillator. 
There  is  not,  necessarily,  any  dif¬ 
ference  in  the  mathematical  treat¬ 
ment  between  this  case  and  the  prev¬ 
ious  one,  so  the  same  expansion  with 
seven  terms  is  still  valid.  The  term 


of  interest,  however,  is  now  the  lower 
side  frequency  (A — B)/2«  only,  all 
other  components  being  by-passed 
by  the  load  (in  special  cases  the  up¬ 
per  side  frequency  (A  4-  B)/2fl;only, 
all  other  components  being  by-passed 
by  the  load).  Were  the  incoming 
wave  modulated  by  speech  or  music, 
this  modulation  should  pass  straight 
,  through  the  converter,  and  the  above 
treatment  would  apply  equally  well 
as  far  as  the  principle  is  concerned. 

It  may  now  be  asked  why  one  and 
the  same  device,  operated  in  one  and 
the  same  way,  in  the  first  case  per¬ 
forms  modulation  but  in  t|je  second 
case  conversion.  The  answer  is  that 
the  tuning  of  the  plate  impedance 


is  different  in  the  two  cases.  Whether 
the  square-law  device  produces  modu¬ 
lation  or  conversion — ^as  judged  from 
the  mathematical  expansion — is  a 
question  of  the  sorting-out  mechan¬ 
ism  on  the  output  side.  (It  should  be 
noted  that  although  modulation  im¬ 
plies  B  <  A  only,  convel’sion  implies 
B  >  A&s  well,  the  latter  case  actually 
being  the  one  of  most  practical  in¬ 
terest  in  broadcast  receiver  usage. 

The  original  superheterodyne  em¬ 
ployed  a  detector  as  a  mixing  device, 
and  to  prevent  confusion  with  the 
real  detector  following  the  i-f  am¬ 
plifier,  the  latter  was  given  the  name 
“second  detector”  and  the  mixer  the 
name  “first  detector”.  This  was  cor¬ 
rect  but  has  led  to  the  widely  adopted 
belief  that  the  first  detector  performs 
detection.  To  facilitate  the  under¬ 
standing  of  the  fact  that  the  con¬ 
verter  produces  a  frequency  shift 
and  does  not  produce  detection,  it  is 
suggested  that  the  terms  first  de¬ 
tector  and  second  detector  not  be 
used.  The  conventional  superhetero¬ 
dyne  then  has  one  detector  only,  like 
any  other  simple  radio  receiver. 

Naturally  the  frequency  conver¬ 
sion  action  may  be  described  by  d^ 
tector  theory  instead  of  modulation 
theory.  If  it  be  assumed  for  the 
sake  of  simplicity  that  the  detector 
characteristic  is  a  parabola,  an  input 
voltage  such  as  the  one  described- by 
formula  (1)  then  yields  an  instantan¬ 
eous  output  current 
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i  =  k'  BO  that 

- - f-*'  E,  E,  cos  {A—B)  t, 


k'  being  a  proportionality  quantity. 

In  practice  the  total  or  dynamic 
characteristic  may  deviate  very  much 
from  the  parabolic  form,  the  result 
being  a  number  of  additional  fre¬ 
quency  components,  representing  a 
Fourier  spectrum  with  a  larger  num¬ 
ber  of  frequency  component  terms. 

{Continued  on  page  324) 
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FIG.  6 — Simple  code  receiver  with  mechanical  analogue 


FIG.  7 — Simple  beat  frequency  oscillator  with  mechanicol 
analogue 
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Temperature  Coefficient  of 

QUARTZ  CRYSTALS 

Two  charts  are  presented  for  determining  the  temperature  coefficient  of  frequency  for 
^artz  crystals  when  the  nominal  operating  frequency  and  the  frequency  change  for  a  given 
temperature  are  known.  One  chart  applies  to  only  one  crystal  frequency,  but  is  readily  set 
up  for  any  desired  frequency.  The  other  chart  is  universal,  for  all  frequencies 


wfHE  temperature  coefficient  of  fre- 
X  quency  for  any  quartz  plate  of 
Dominal  frequency  /,  is  given  by  the 


expression 

Temp.  Coeff. 


A/ 

(/.  ^mmx  ^in) 


(1) 


Temp.  Coeff.  is  in  cps  per  Me  per  det;.  C 
I  if  is  the  change  in  frequency  in  cps  be¬ 
tween  the  temperatures  (m.x  uiiti  tn.in 
I  ImtT  is  the  highest  temperature  in  deg.  C  at 
fklefa  the  frequency  is  measured 
"(■r.  is  the  minifiium'  temperature  in  deg.  C 
at  which  the  frequency  is  measured 


(■u — tiain  =  At  is  the  temperature  cliange 
io  deg.  C  for  which  the  cliange  In  frequency 
A  /  is  observed 


}  /»  is  the  nominal  frequency  of  flie  quart/ 
/piste  in  Me 


When  a  large  number  of  calcula- 
lions  must  be  made  for  crystals  hav¬ 
ing  the  same  rated  frequency,  the 
direct-reading  chart  shown  on  this 
page  saves  a  great  deal  of  time.  The 
crystal  frequency  is  the  only  value 
needed  to  set  up  a  chart  of  this  type, 
and  individual  charts  can  readily  be 
prepared  for  any  desired  frequencies. 

The  chart  is  based  on  Eq.  1.  For 
convenience,  a  temperature  coefficient 
»f  1.0  is  assumed  to  permit  convert¬ 
ing  the  equation  to  the  form  A/  = 
fM,  which  follows  the  expression 
P  =  ax  for  a  straight  line  passing 
through  the  origin  of  x-j/  coordinates. 

To  prepare  a  chart  for  a  desired 
temperature  change  value  A  t,  set  up 
horizontal  and  vertical  reference 
scales  much  as  in  the  example  on  this 
P»ge.  Substitute  the  rated  crystal 
frequency  value  /,  and  the  desired 
ralue  for  A  t  in  the  equation  in  the 
preceding  paragraph  and  solve  for 
t/.  Now  plot  this  value  against  a 
Temp.  Coeff.  value  of  1.0  on  the 
n^ph,  and  draw  a  straight  line  from 
>cro  through  this  point.  The  pro¬ 
cedure  can  be  repeated  for  as  many 
*her  values  of  A  t  as  are  desired. 
Hie  example  is  drawn  for  /.  =  1  Me. 
The  alignment  chart  on  the  next 
PeRe  is  essentially  a  combination  of 
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an  infinite  number  of  different  direct- 
reading  charts,  hence  the  one  chart 
serves  for  all  crystal  frequencies. 

To  use  the  universal  chart,  deter¬ 
mine  the  frequency  change  A  /  in  cps 
between  the  temperature  limits  t,,,,, 
and  fmi„.  With  a  straight-edge,  align 
the  value  of  tm.*— on  scale  E  with 
the  proper  value  of  A  /  on  scale  D.  On 
scale  B  read  the  value  A//(t„„— 
Align  /,  on  A  with  A//(t„,3,— 


originally  found  on  scale  B  but  now 
transferred  to  scale  C,  and  read  on 
scale  F  the  temperature  coefficient. 

If  the  coefficient  and  the  nominal 
crystal  frequency  are  known,  the 
chart  may  be  used  to  indicate  either 
the  temperature  change  in  which  a 
given  frequency  change  will  occur,  or 
the  frequency  change  allowable  in  a 
given  temperature  range  for  the 
known  temperature  coefficient. 

An  example  will  illustrate  the  use 
of  this  chart.  A  change  in  frequency 
of  210  cps  is  observed  when  the 
temperature  changes  from  20  deg.  C 
to  50  deg.  C  and  the  nominal  fre- 


Example  of  a  direct-reading  temperature  coefficient  chart  for  a  1-Mc  quartz 

crystal  unit 
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quency  is  3.0  Me.  The  temperature  degree  temperature  change  is  found,  (3.0  Me)  on  scale  A,  and  read  the 
change  is  50  —  20  =  30  deg.  C.  If  this  from  scale  B,  to  be  7  cps.  Transfer  temperature  coefficient  of  frequency 
valuf*  on  scale  E  -is  aligned  with  210  this  value  to  scale  C  and  connect  7  on  on  scale  F  as  2.33  cycles  per  Me  per 
v...  see  ^he  frequency  change  per  scale  C  with  the  operating  frequency  degree  C. 


Temperature  Coefficient 
of  Quartz  Crystals 

In  Cycles  Per  Megacycle  Per  Degree  Centigrade 
.  .  By  NORMAN  L.  GHALFIN 

Cryttal  Research  Laboratories,  Inc. 

Hartford,  Conn. 
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X-Ray  Checks  Hand 
Grenade  Fuses 


To  PREVENT  hand  grenades  from  eX" 
ploding  improperly,  an  automatic 
x-ray  unit  is  being  used  to  check  the 
powder  charge  and  automatically  re¬ 
ject  those  fuses  that  have  too  small  a 
charge. 

The  fuse  assembly  for  a  hand 
grenade  consists  of  a  metal  tube  that 
contains  two  powder  charges  and  a 
slow-burning  fuse.  In  appearance  it 
resembles  a  medical  thermometer 
with  an  attached  handle. 

For  the  checking  operation  each 
fuse  is  placed  in  a  metal  cylinder  that 
holds  it  upright  on  a  moving  belt. 
The  belt  carries  the  fuses  into  the 
'  x-ray  machine,  where  a  100,000-volt 
x-ray  passes  through  each  fuse  and 


A  d«f«ctiT«  hiM  is  rsd-paiiited  by  the  x-ray 
mochine.  and  is  also  detected  by  a  long 
line  on  the  meter  graph.  A  bell  and  light 
worn  the  operator  when  the  dud  inter- 
'oepts  the-x-ray  beam 


causes  a  glow  on  a  fluorescent  screen. 
A  phototube  is  mounted  above  the 
fluorescent  screen  to  detect  changes 
in  the  glow. 

If  the  powder  charge  is  the  correct 
amount,  the  screen  has  a  constant 
glow  and  the  fuse  passes  through 
undisturbed.  When  a  fuse  with  in¬ 
sufficient  powder  passes  through  the 
x-ray  beam  the  glow  changes.  The 
phototube  detects  the  change  in  the 
fluorescent  glow  and  four  things  hap¬ 
pen  automatically.  A  red  light  flashes, 
a  bell  rings,  a  daub  of  red  paint  is 
placed  on  top  of  the  defective  fuse, 
and  the  reject  is  graphically  recorded 
on  a  meter  chart. 

The  machine,  the  first  automatic 
one  so  far  devised,  is  the  product  of 
General  Electric  engineers  and  pro¬ 
vides  an  automatic  check  of  4,000 
fuses  an  hour. 


War  Solder  Technique 


After  passing  through  the  x-ray  beam,  the 
hand-grenade  fuses  ore  removed  from  the 
metal  containers  and  packed  for  shipment 


Hand-grenade  fuses  to  be  checked  lor  powder  content  are  placed  in  metal 
containers  on  a  movable  belt  that  takes  them  into  on  x-roy  machine.  The 
x-rays  fluoresce  a  screen  that  is  constantly  watched  by  a  phototube  to  detect  o 
change  of  intensity  caused  by  an  insuffideat  chorge'-bf  powder 


TUM 


Pre-war  solder  was  half  tin  and 
half  lead,  but  today  solder  usually 
contains  not  more  than  20  percent 
tin,  with  perhaps  small  amounts  of 
silver,  bismuth,  or  antimony.  This  re¬ 
quires  a  hotter  soldering  iron  and 
attention  to  certain  details.  Instruc¬ 
tions  for  the  use  of  today’s  solder 
have  been  issued  by  the  metallurgy 
committee  of  the  General  Electric 
Co.  which  says: 

1.  Keep  your  work  clean.  Guard 
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Scientists  have  long  known  that  living  tissue 
generates  minute  electric  potentials.  But  only 
recently  have  researchists  been  able  to  adapt  this 
knowledge  to  clinical  use  on  the  human  brain 
through  means  of  the  Electroencephalograph. 

In  its  functioning,  tiny  electrodes  are  fastened 
to  the  skin  by  collodion  at  the  points  indicated 
in  the  illustration.  The  average  potentials  of 
only  50  microvolts  are  led  to  a  high-gain  am¬ 
plifier  and  enlarged  to  a  size  where  the  waves 
are  easily  visualized.  Comparative  studies  of  the 
graphs  obtained  from  various  brain  areas  indi¬ 
cate  and  localize  the  presence  of  abnormalities, 
if  any  exis^. 

Quite  naturally  for  such  a  sensitively  adjusted 
instrument,  measuring  minute  voltages,  details 


153 


are  fundamental  requirements.  IRC  is  proud  to 
have  collaborated  in  the  evolution  of  the  Elec¬ 
troencephalograph  and  to  have  had  its  resistors 
and  specialized  engineering  skill  play  a  part  in 
its  development. 

If  you  are  seeking  unbiased  counsel  on  a  rests- 
tance  problem,  consult  IRC — the  company  that 
makes  resistor  units  of  more  types,  in  more  shapes, 
for  more  applications  than  any  other  manufac¬ 
turer  in  the  world. 


of  resistor  construction  are  of  vital  importance  . 
in  addition  to  the  inherent  stability,  precision, 
low  noise  level  and  other  characteristics  which 
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carefully  against  varnish,  grease,  oil,  .  .  '  .  H 

dirt,  rust,  or  corrosion.  They  pre-  ^ 

vent  the  flux  from  acting  and  the  _ 

solder  from  alloying  with  the  parent 

2.  Keep  in  mind  that  the  purpose  ^ 
of  the  soldering  iron  is  not  to  melt  ^ 
the  solder  but  to  heat  the  work  until 
the  solder  will  flow  when  applied  to 

3.  Keep  the  soldering  iron  clean  ,  ,  -i 

and,  to  have  the  quickest  possible 

heat  transfer  from  the  iron  to  the 
work,  have  the  tip  designed  to  fit 
against  the  work. 

4.  Investigate  different  methods  f 
available  for  doing  the  work.  A  hot- 
ter  electric  iron,  high-frequency  heat- 
ing  or  a  carbon  resistance  soldering 

tool  may  do  the  job  better.  " 

5.  Design  your  joints  to  have 
0.003  to  0.005  in.  solder  thickness,' 
and  so  that  the  two  parts  overlap. 

Lap  or  seam-type  joints  are  better  Location  of  automatic  control  units  in  a 

than  butt-type  joints.  Have  the  uiUts:  l— Sectional  stabilizer;  2— F 

solder  fill  the  seam  completely.  Heavy  ^  dash  potentiometer;  4— directional 

£11  i  JJ  1-j.i.i  1.  _xi-  XT-  •  •  X  up  pot;  7 — plane  direction  indicator;  8- 

fillets  add  little  strength  to  the  joint,  lO— vertical  iUght  gyro;  11— elevator 

and  waste  solder.  13 — «kld  pot;  14 — up-elevator  pot;  IS 

6.  Don’t  hand  a  new  solder,  a  flux,  mverter;  18— rudder 

and  a  soldering  job  to  a  workman 

and  expect  a  perfect  job  the  first  On  a  recent  bombing  mission  one 
time.  Let  him  get  the  “feel”  of  the  Flying  Fortress  was  almost  cut  in 
new  material.  Don’t  give  up  a  new  two  by  colliding  with  a  Messer- 
solder  after  one  unsuccessful  trial —  schmitt  109.  The  German  plane  cut 
the  chances  are  your  technique  is  not  into  the  fuselage  area  just  forward 
what  it  should  be  for  that  particular  of  the  dorsal  fin  and  severed  the  pi- 
solder.  lot’s  manual  control  cables  con- 


coast  of  the  United  States  but  the 
electronic  autopilot  flew  the  ship  un¬ 
til  it  ran  out  of  gas  and  crashed  into 
a  mountain  in  Mexico.  Certain  types 
of  bomber-trainer  planes  have  been 
equipped  with  the  autopilot  and  for 
months  ,it  has  been  standard  equip 
ment  on  American  heavy  bombers. 
It  is  a  development  of  Minneapolis- 
on  the  automatic  pilot  because  the  Honeywell  Regulator  Co.,  which 

worked  on  the  problem  at  the  request 
of  Materiel  Command  officers  at 
Wright  Field. 


Electronic  Plane  Pilot 

An  electronic  automatic  pilot  is  control  surface  motors  of  the  elec- 
credited  as  being  one  factor  in  the  tronic  system  were  located  far  in  the 
effective  devastation  caused  by  tail  of  the  plane  and  were  not  dam- 
American  bombers  in  Europe  and  aged  in  the  mid-air  crash, 
the  low  ratio  of  bomber  losses.  The  In  another  instance  a  B-24  Liber- 
electronic  pilot  controls  electric  mo-  ator  flew  2,000  miles  by  itself.  The 
tors  that  position  the  rudder,  ele-  crew  had  bailed  out  over  the  east 
vator,  and  aileron  control  surfaces. 

Automatic  movement  of  these  cor¬ 
rect  deviations  from  the  desired 
course  and  prevent  the  plane  from 
wavering. 

On  bombing  runs  the  autopilot 
takes  over  the  duties  of  the  pilot  and 
holds  the  plane  on  its  course  to  pro¬ 
vide  a  stable  platform  for  high-alti¬ 
tude  bombing.  The  mechanism  cor¬ 
rects  for  cross  currents,  wind  varia¬ 
tions,  and  air  blasts  from  exploding 
antiaircraft  shells.  An  additional  ad¬ 
vantage  of  the  autopilot  is  that  con¬ 
trols  can  be  installed  in  different 
places  in  the  plane  so  that  it  may  be 
flown  from  several  operating  posi¬ 
tions. 


Automatic  Transmitter  I 
Tuning  with  Pushbuttons 

Automatic  tuning  of  the  final  stage 
of  a  high-power  transmitter  is  fairly 
difficult  to  design  at  broadcast  fre¬ 
quencies  where  conventional  induc¬ 
tors  and  capacitors  are  employed, 
but  presents  an  even  greater  prob¬ 
lem  at  higher  frequencies  when  a 
resonant  line  forms  the  tank  circuit 
In  one  CBS  short-wave  station  used 
by  the  OWI  for  broadcasts  to  foreip 
countries,  tuning  of  such  a  line  is 
accomplished  by  motor-driven  sliding 
contacts  that  move  a  shorting  bar. 

The  station,  described  in  a  recent 
issue  of  Electrical  Communication, 
was  designed  and  manufactured  by 


Almost  cat  in  two  oitor  being  rammed  by 
a  Messerschntitt,  this  Flying  Fortress  flew 
solely  home  guided  by  on  electronic  outo- 
matte  pilot.  The  enemy  plane  bit  near  the 
tail  and  severed  the  pilot's  mannol  control 
ccd>les  connecting  to  the  rudders  and  rte- 
voters.  Cables  conneettng  the  electronic 
pilot  to  the  control  surface  motors  locoted 
in  the  tail  were  not  domaged  in  the  crenh 
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MICROPHONES 


designed  to  bring  the  message  through  .  • 


SHUil[ 

MICROPHONES 


Microphone  performance  begins  with  design. 
Orders,  instructions,  information  must  come 
through— aui/tbly.  It  is  the  designing  engineer's 
job  to  bring  the  human  voice  through  clearly — to 
eliminate  as  much  as  possible  the  engine  noises 
and  tumult  that  might  garble  a  vital  message. 

The  proven  ability  to  design  and  manufacture 
microphones  that  serve  under  such  conditions 
—  as  well  as  under  other  severe  conditions 
that  attend  combat  duty  —  has  made  Shure 
Brothers  America’s  foremost  manufacturer 
of  microphones. 
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SHURE  BROTHERS 

225  West  Huron  Street  •  Chicago 

Designers  and  Nlanufacturers  of  Microphones  and  Acoustic  Devices 
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associate  of  IT&T.  It  contains  two 
60-kw  transmitters  that  operate  on 
nine  frequencies,  from  6  to  22  me, 
and  were  constructed  for  rapid  fre¬ 
quency  shifts.  In  the  lower  power 
stages  of  each  transmitter,  fre¬ 
quency  changing  is  accomplished  by 
moving  taps  on  inductors  and  by  ro¬ 
tating  variable  capacitors.  The  final 
amplifier  contains  linear  line  ele¬ 
ments  composed  of  35-foot  lengths  of 
copper  pipe  spaced  12  inches  between 
centers.  The  resonant  frequency  of 
the  circuit  formed  by  this  inductance 
loop  shunted  by  the  tube  capacitance 
is  determined  by  the  position  of  a  action  fingers  mounted  on  a  heavy  channel  selector  switches  and  push¬ 
shorting  bar  along  the  parallel  pipes,  copper  plate.  The  contact  assembly  buttons  for  starting  and  stopping  the 
The  pipes  of  each  plate  line  extend  for  the  harmonic  suppressor  line  is  motors.  A  channel  selector  switch 
from  the  vacuum  tubes  of  the  final  shown  in  the  photograph,  and  is  sup-  has  six  positions  corresponding  to 
amplifier  through  the  floor  of  the  op-  ported  by  ceramic  standoffs  fastened  six  positioning  switches  located  along 
erating  room  to  the  basement,  where  to  a  dolly  or  carriage.  The  carriage  the  carriage  tracks.  Each  of  these 
they  are  mounted  horizontally  on  '  is  moved  along  the  pipes  by  a  lead  positioning  switches  may  be  set  to 
ceramic  standoff  insulators.  Large  screw  arrangement.  The  conductors  any  point  on  the  pipes.  The  channel 
transformers,  reactors  and  other  forming  the  plate  line  are  contacted  selector  switch  also  determines  the 
units  of  the  transmitter  are  also  lo-  by  a  similar  sliding-shoe  carriage.  direction  of  motor  rotation  neces- 

cated  in  the  basement,  as  shown  in  At  the  end  of  the  lines,  away  from  sary  to  drive  the  carriages  to  the 
the  layout  of  that  area  in  the  dia-  the  power  amplifier  plates,  are  lo-  desired  stop, 
gram.  cated  three-phase  reversible  two- 

A  second  line,  composed  of  three  speed  motors  that  drive  the  lead 
pipes,  is  mounted  below  the  plate  line  screw  through  V-belt  couplings.  The 
to  provide  harmonic  suppression,  motors  of  the  plate  line  and  the  sup- 
Tuning  of  this  line  is  also  accom-  pressor  line  are  electrically  intercon- 
plished  by  means  of  a  motor-driven  nected  to  permit  both  carriages  to 
shorting  bar.  When  this  line  is  prop-  travel  over  the  lines  simultaneously, 
erly  tuned  it  provides  a  low  imped-  Attached  to  the  opposite  ends  of  the 


To  antenna 
switches 


jCoup/im 

vonobh 


fi/ate  tank  circuit 


Motor  operateo! 


From  modulator 
and  main  rect. 


Harmonic  suppressor  hne 


Circuit  ol  final  amplifier  of  50-kw  transmitter,  with  motor-driyen  shorting  bars  for 
tuning  the  plate  tank  and  a  harmonic  suppressor  circuit 


ooo 


When  the  motor  start  button  is  de¬ 
pressed,  power  to  the  plates  of  the 
tubes  is  removed  and-  the  carriages 
travel  in  the  proper  direction.  When 
the  carriages  reach  the  proper  posi¬ 
tion  the  motors  stop  and  plate  power 
is  applied  to  the  tubes.  Fine  tuning 


VWw  of  motor-driTon  carriage  and  sliding  contacts  of  the  harmonic  suppressor 
line.  A  similar  arrangement  moves  shorting  bar  contacts  on  the  plate  line 
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Housings 


Safety  Equipment 


Electrical  Equipment 


Thermal  Testing  Equipment 


Do  Metal  Fabricating  NOW  •  •  • 
no  tooling  up  •  •  •  no  special  equipment 

Lindsay  Structure  assemblies  can  help  you  speed 
up  your  production  of  cabinets  and  housings  at 
once.  With  Lindsay  Structure  no  tooling  up  is 
necessary  —  no  special  machinery  is  required.  A 


set  to 
hannel 
es  the 
neces- 
to  the 


sudden  change  of  specifications  causes  neither 
production  delay  nor  waste  of  materials. 

It’s  easy  to  order  Lindsay  Structure  units.  You 
merely  furnish  specifications,  and  a  complete  as* 
sembly — panel  sheets,  framing  members,  fittings, 
die'formed,  die'Cut,  die'rolled  to  exact  dimensions 
— is  shipped  to  you  knocked  down  and  ready  to 
put  together  in  your  factory  or  on  the  spot. 

Design  changes  are  simplified  with  Lindsay 
Structure,  and  from  a  small  stock  of  parts  a  num' 
ber  of  units  of  varying  sizes  and  shapes  can  be 
quickly  assembled  as  required.  Problems  of  ware' 
housing  and  stock  inventory  are  simplified. 

The  Lindsay  Structure  method  saves  time  and 
conserves  steel.  Uniform  tensioning  gives  the  light 
steel  sheets  a  rigidity  which  resists  wracking  and 
affords  complete  protection  for  enclosed  equip¬ 
ment.  Men  or  women  without  special  training 
can  quickly  assemble  Lindsay  Structure.  Only 
ordinary  tools  are  used.  There  is  no  welding  or 
riveting  required. 

Investigate  this  easy,  proved  method  of  metal 
fabrication  of  cabinets  and  housings  for  electrical, 
radio,  and  electronic  equipment.  Lindsay  Struc¬ 
ture  engineers  will  give  you  immediate  service  on 
your  pilot  jobs.  Send  your  blue  prints  to  Lindsay 
and  Lindsay,  222'D  W.  Adams  St.,  Chicago  6,  Ill.; 
or  60  E.  42nd  Street,  New  York  17,  N.  Y. 
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U.  S.  Patents  2017629,  2263510,  2263511 
U.S.  and  Foreign  Patents  and  Patents  Pending 
for  dotoilt,  too  Sweet’s  Catalog  Filo 
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is  provided  by  an  additional  switch 
on  the  panel  that  operates  the  motors 
at  slow  speed  with  the  plate  power 
on.  Overtravel  of  the  carriages  is 
prevented  by  safety  limit  switches,  at 
each  end  of  the  lines,  that  operate 
if  one  of  the  positioning  switches 
should  fail  to  stop  the  carriage.  Pilot 
lights  on  the  panel  show  when  the 
motors  are  running  and  also  indicate 
the  tripping  of  safety  limit  switches. 

In  addition  to  acting  as  tank  cir¬ 
cuits,  the  pipes  of  the  plate  lines  and 
harmonic  lines  conduct  water  to  the 
plates  of  the  tubes  for  cooling.  Cera¬ 
mic  tubing  is  employed  for  some  dis¬ 
tance  before  the  water  enters  and 
after  it  leaves  the  transmitter. 

Coupling  from  each  set  of  plate 
lines  to  the  antenna  system  is  pro¬ 
vided  by  an  inductive  loop  or  hair¬ 
pin  about  thirty  feet  long,  mounted 
horizontally  above  and  parallel  to  the 
plate  lines.  A  hand  wheel  on  the 
front  of  the  power  amplifier  moves 
the  coupling  hairpin  horizontally  in 
relation  to  the  plate  lines  and  varies 
the  area  within  the  coupling  loop. 


Reactance-Type  Gages 

Measurements  of  thickness  as 
small  as  one  millionth  of  an  inch  may 
be  read  with  electric  gages  that  re¬ 
spond  to  changes  in  reactance  caused 
by  the  thickness  of  the  material  un¬ 
der  test.  Such  gages  are  being  used 
to  measure  the  thickness  of  films  or 
coatings  on  magnetic  surfaces,  metal 


Fig.  2 — Thickness  gage  ior  measuring 
pcdnts.  lacquers,  and  nonmagnetic  babbitt 
linings  on  steel  bearing  shells 


of  insulating  material  and  iron  and 
steel. 

Gages  manufactured  by  the  Gen¬ 
eral  Electric  Co.  that  depend  on  a  re¬ 
actance  change  for  thickness  meas¬ 
urements  contain  a  circuit  similar  to 
that  shown  in  Fig.  1.  Two  arms  of  a 
Wheatstone  bridge  are  formed  by 
iron-core  reactors.  One  of  these  re¬ 
actors  is  mounted  in  a  gage  head, 
shown  in  the  photograph  of  Fig.  2, 
and  the  other  reactor  is  mounted  in 
the  meter  unit.  The  latter  unit  also 
contains  a  rectifier  and  a  d-c  meter 
whose  scale  is  calibrated  in  terms  of 
the  measurement  to  be  made.  Al¬ 


though  an  a-c  meter  may  be  used  as  ] 
the  indicator,  the  advantages  of  J 
greater  sensitivity  and  a  linear  seals'? 
are  obtained  with  the  d-c  meter.  ] 

The  gage  head  consists  of  an  iron 
magnetic  circuit  formed  by  two  cir-  ] 
cular  flanges  having  a  connecting 
core  between  them.  On  this  center 
core  is  mounted  the  gage  coil  that 
connects  into  the  bridge  circuit  con¬ 
tained  in  the  indicator  unit.  The  coil 
is  energized  from  the  60-cycle  supply  ■ 
line  and  the  magnetic  flux  set  up  by  i 
the  coil  traverses  the  iron  part  of  the 
gage  head,  its  external  portion  being 
completed  through  the  magnetic 
metal  of  the  material  under  test 
The  gaps  in  the  field,  caused  by  a  film 
or  coating  on  the  material,  affect  the  j 
reactance  of  the  coil,  which  in  turn 
causes  an  unbalance  of  the  bridge 
circuit.  The  degree  of  unbalance  is 
indicated  by  the  meter  and  varies 
directly  with  changes  in  thickness  of 
the  gap. 

Film  Thickness  Gage 

The  sensitivity  of  the  circuit  de¬ 
pends  upon  the  initial  setting  of  the 
magnetic  gap.  For  instance,  if  the 
initial  gap  setting  is  0.002  in.,  clos¬ 
ing  the  gap  0.001  in.  will  cause  ap¬ 
proximately  a  100-percent  reactance 
change  and  a  large  change  in  the 
bridge  output.  Although  the  sensi¬ 
tivity  may  be  increased  still  further 
by  reducing  the  initial  air  gap,  the 


platings,  and  the  thickness  of  sheets 


Fig.  1 — ^Typical  circuit  uied  in  tbe 
UMt  gagM.  A  Wbeertstone  bridge  meos- 
UTM  cbonges  of  reactance  caused  by  tbe 


magnetic  gap 
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Measuring  babbitt  thickness  of  a  beoring  with  o  G-E  reactance-type  thickness  gage 
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SPEED  NUTS  have  become  industry’s  universal 
fasteners  because: 

1  •  They  do  not  shake  loose  with  vibration. 

2*  They  reduce  weight  and  conserve  critical 
metal. 

3.  They  are  applied  faster  and  conserve  war 
manpower. 

4,  They  lower  net  assembly  costs. 

TINNERMAN  PRODUCTS,  INC.  • 

In  Canada:  Wallace  Barnes  Co.,  Ltd.,  Hamilton,  Ontario 


Month  after  month,  tons  of  critical  material  and 
countless  man  hours  assembly  time  are  being 
saved  by  conversion  to  spring  steel  SPEED  NUTS. 
The  faster  this  conversion  is  expanded  the  quicker 
SPEED  NUTS  will  pay  you  even  bigger  dividends. 
In  writing  for  samples,  kindly  give  engineering 
details  to  expedite  quick  selection  of  SPEED  NUT 
adapted  to  your  needs. 

2106  Fulton  Road,  Cleveland,  Ohio 

In  England:  Simmonds  Aerocessories,  Ltd.,  London 


rage 
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instantaneous  communication  .  .  . 
aural  and  visual . . .  beneath  and  on  the  sea,  on  land,  and 
in  the  air  . . .  is  the  most  striking  feature  of  this  war.  We 
literally  command  an  army  of  electrons. 

At  the  heart  of  electric  communications  is  the  trans- 
former  that  speeds  the  rush  of  the  electrons.  The  war  job 
of  Staacor  transformers  is  to  organize  armies  of  electrons 
for  battleground  communication.  When  peace  comes,  this 
electric  energy  .  . .  with  a  host  of  startling  new  applica¬ 
tions  .  .  .  will  revolutionize  industrial  processes  and  products. 
Stancor  engineers  ore  planning  ahead  to  anticipate  the 
needs  of  this  post-victory  revolution. 


STanC 


instantaneous  communication 
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rig.  9 — metcu  piaung  as  min  as  1/104)00 
oi  on  Inch  is  measured  with  this  instrument 
without  destroying  the  plating 


Eccentricity  Gage 


Another  application  of  the  prin¬ 
ciple  used  in  the  film  thickness  gage 
occurs  in  an  eccentricity  gage  that 
determines  the  variation  of  thickness 


practical  limit  is  reached  because  of 
temperature  expansion  of  the  gage 
members  and  the  material  being 
gaged.  Reliable  readings  of  0.00001 
in.  are  obtainable  with  this  type  of 
equipment,  while  under  carefully 
controlled  conditions  as  small  as 
0.000001  in.  may  be  read. 

The  gage  illustrated  measures 
thickness  of  films  or  coatings  of 
enamel,  lacquer,  zinc,  tin,  glass,  pa¬ 
per  and  other  materials  without  in¬ 
juring  the  continuity  of  the  coating. 
The  standard  range  indicates  values 
from  0  to  100  mils,  covered  on  two 
scales  of  the  meter,  0  to  8  and  6  to 
100  mils. 

Plating  Thickness  Gage 

Thin  nonmagnetic  platings  of  cop¬ 
per,  tin  and  similar  materials  whose 
thickness  ranges  from  0.0001  inch  to 
0.01  inch  require  a  smaller  gage  head 
and  are  measurable  by  the  instru 
ment  shown  in  Fig.  3.  The  steel  sur 
face  under  the  plating  may  have  a 
thickness  down  to  0.015  in.  In  the 
gage  head  the  magnetic  field  is  con 
centrated  between  two  pole  pieces 
separated  about  A  in.  to  permit  ap¬ 
plication  to  very  small  parts  and  nar 
row,  curved  or  irregular  surfaces. 
The  instrument  permits  measure¬ 
ments  of  copper  plating  on  gear  parts 
prior  to  hardening,  copper  plating 
on  vacuum  tube  parts  as  small  as 
0,2  sq,  in.  surface  area,  and  brass 
and  cadmium  plating  on  machined 
and  punched  parts. 


NEW  YORK.  Chrysler  BuildinK  •  DCTROIT,  6432  Cass  Aveaoa  •  CHICAGO.  1229  W.  Washtaftoa  BoolaTard  .  PHILADELPHIA.  18  W.  Cbeitea  Avenue  BuiMwi 
PITTSBURGH.  2882  W.  Liberty  Ava.  •  SYRACUSE.  Syracuse- Reaper  Insnranca  BMi.  •  LOS  ANGLES.  2627  S.  Soto  St  •  SAN  FRANCISCO,  434  Braaaaa  St 


Scovill  fills  the  three  most  important  requirements  for  a  fastenings 
source  of  supply  —  Quality  and  Quantity  production  —  plus  the 
"know  how"  to  solve  design  and  production  problems  effectively 
and  economically.  One  of  many  case  examples  of  Scovill  skill 
in  cold-forging  is  illustrated  above.  This  fastening  problem  called 
for  Quality— Quantity— "Know  how."  The  product  illustrated  was 
made  with  three  cold-forging  operations  plus  threading. 


SCOVIU.  "KNOW  HOW"  IN 
COLD-FORGING  OFTEN  SOLVES  SPECIAL 
LND  STANDARD  FASTENINGS  PRORLEMS 


>ia 


hHi 


4 


T((l 


% 


Know  how"  proof  #15 
. . .  more  each  month 


Whether  your  needs  call  for  standard  or  special  fastenings, 
Scovill  "know  how"  assures  uniform  quaHty,  no  matter  how 
large  the  order.  Today  our  productive  capacity  is  largely  en¬ 
gaged  by  current  war-essential  orders  on  hand.  Inevitably  the 
situation  changes  somewhat  from  day  to  day.  We  wont  both  your 
present  and  post-war  business  as  for  as  present  war  work  permit. 
Call  our  nearest  office  for  the  current  pictme  as  to  when  and 
where  we  con  serve  you.  We  know  you  will  appreciate  a  prompt, 
frank  answer  and  will  recognize  the  problems  we  face. 


pass  this  Oil  wher 
ever  Scovill  skill  may  be  of  service. 
Thanks! 


Scovill  Manufacturing  Company 
Water VI LLE  Division 


WATERVILLE  48,  CONN. 


TEL.  Waterbury  3-3151 
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BI-METALS 

★ 

ELECTRICAL 

CONTACTS 


Fig.  5— Magnetic  gage  head  (left)  lor 
measuring  the  thickness  of  steel  sheet  ftoro 
one  side 


Fig.  4 — The  eccentricity  of  flux  cootings  on 
welding  electrodes  can  be  determined  by 
the  gage  shown  above.  Four  buttoni  oi 
tungsten  carbide  hold  the  rod  at  the  piopti 
distance  from  the  gage  head  mounted  te 
the  base 


of  coated  welding  rods.  The  (J-E 
commercial  version  is  shown  in  the 
photograph  of  Fig.  4.  In  this  instru¬ 
ment  the  gage  head  is  mounted  in 
the  base  below  the  indicator  unit 
Two  V-blocks  guide  the  rod  into  posi¬ 
tion  for  measurement.  Since  the  flux) 
coating  is  nonmagnetic  its  thickness 
becomes  the  air  gap  between  the  gage 
head  and  the  steel  welding  rod.  The 
gage  reading  is  proportional  to  the 
gap  and  the  instrument  is  calibrated 
to  read  flux  coating  thickness  for  one 
rod  size.  For  other  rod  sizes  a  cor¬ 
rection  curve  is  employed. 

Magnetic  Sheet  Gage 

The  thickness  of  magnetic  sheets 
of  steel  or  iron  that  may  be  meas¬ 
ured  depends  upon  the  design  and 
size  of  the  gage  head.  The  head 
shown  in  Fig.  6  is  intended  for  meas¬ 
urements  of  low-carbon,  hot  or  cold- 
rolled  steel  sheets  up  to  46  mils  thick¬ 
ness.  An  additional  scale  (10  to  25 


•k  The  facilities  of  The  H.  A.  Wilson  Company  enable  manufacturing  cus¬ 
tomers  to  secure  both  electrical  contacts  and  thermostatic  bimetals  from  a 
single  and  dependable  source.  This  is  important,  for  materials  from  these 
two  groups  are  frequently  used  in  conjunction,  as  parts  in  the  same  device. 

•k  War  stresses  the  vital  importance  of  perfected  team  play;  and  WiLCO 
Electrical  Contacts  and  Thermometals  (thermostatic  bimetals)  are  now 
functioning  with  flawless  coordination  in  various  plane,  tank,  gun  and  ship 
applications.  They  also  function  separately  or  together  in  various  instruments 
of  the  Army  and  Navy. 

WiLCO  Products  Are:  Contacts  —  Silver.  Platinum,  Tungsten,  Alloys, 
Powder  Metal.  Thermostatic  Metal — High  and  Low  Temperature  with 
Electrical  Resistance  from  24  to  530  ohms  per  sq.  mil, -ft.  Precious  Metal 
Collector  Rings — For  rotating  controls.  Jacketed  Wire — Silver  on  Steel, 
Copper,  Invar,  or  other  combinations  requested. 


PROPELLER  OlV.  PHOTO 


k  WiLCO  sales  and  engineering  representatives  are 
familiar  with  both  Electrical  Contact  and  Ther¬ 
mometal  application.  Send  us  your  problems  for 
analysis  or  write  for  a  copy  of  the  new  Wilco  Blue 
Book  of  Thermometals  and  Electrical  Contacts. 

The  H.  a.  Wilson  Company 

105  Chestnut  Street,  Newark,  N.  J. 

Branches:  Chicago  k  Detroit 
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RADIO  CORPORATION  OF  AMERICA 
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Gluing  Wood  with  Radio  Waves 
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Gluing  wood  with  synthetic  resin 
glues  used  to  be  a  slow  process  be¬ 
cause  it  took  so  long  for  the  glue  to  “set.” 
Aircraft  and  other  wartime  needs  greatly 
accelerated  the  use  of  these  glues — 
thereby  sharpening  demand  for  shorten¬ 
ing  the  setting  time. 

Speedier  gluing  means  faster  heating 
of  the  glue  lines  to  drive  out  the  moisture 
and  hasten  chemical  reactions.  Wood, 
being  an  excellent  insulator,  prevents  the 
mward  flow  of  heat  from  hot  platens  at 
anything  but  a  maddeningly  slow  rate. 
Really  rapid  heating  therefore  demands 
a  method  whereby  heat  is  “born”  right 
inside  the  wood. 

That  is  exactly  what  electronics  makes 


possible.  Radio  frequency  power  un¬ 
leashed  right  inside  the  wood  is  in¬ 
stantaneously  converted  into  heat  and 
causes  an  almost  phenomenal  speeding 
up  of  the  glue-setting  process. 

The  manufacture  of  “compreg”  —  a 
highly  compressed  plastic-impregnated 
wood  product  now  used  extensively  for 
airplane  propellers  —  too,  has  been 
speeded  up  remarkably  by  such  electron¬ 
ically  generated  heat.  Production  time 
has  been  cut  as  much  as  60  per  cent 
over  old  methods — making  it  possible  for 
expensive  equipment  to  turn  out  propor¬ 
tionately  more  of  badly  needed  products. 

Radio  frequency  power  for  setting 
wood  glues  offers  many  attractive  possi- 


A  new  booklet— "RCA  Electrosics  In  ISDVSTRY''—sho:ts 
some  of  the  ways  RCA  is  prepared  to  help  put  electronics  to 
work.  It  may  suggest  applications  important  to  your  business. 
Free  on  request.  Please  use  business  letterhead  ii  hen  trriting. 
Address— Dept.  68-4H.  RCA,  Industrial  Division,  Radio  Cor¬ 
poration  of  America,  Camden,  New  Jersey. 


bilities.  Yet  it  is  only  one  of  many  manu¬ 
facturing  processes  involving  a  heat 
cycle  for  which  RCA  electronic  heating 
offers  important  advantages.  Moreover, 
all  such  applications  collectively  are  but 
one  phase  of  electronics — the  art  of  har¬ 
nessing  electrons  to  the  service  of  man. 
Bear  in  mind,  too,  that  every  electronic 
device  of  every  kind  depends  basically 
on  electron  tubes.  And  that  RCA  is  the 
fountain-head  of  modern  electron  tube 
development. 


TUNE  IN  "WHAT'S  NEW?" 


Radio  Corporation  of  America's  great 
new  show,  Saturday  nights,  7  to  S, 
Eastern  If  ar  Time,  Blue  Network. 
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PLUGS  &  CONNECTORS 

ARMY  SIGNAL  CORPS  SPECIFICATIONS 


:  Remler  Facilities  and  Production 

^  Techniques  Frequently  Permit 
Quotations  at  LOWER  PRICES 


Remler  made  plugs  and  connectors  of  the  following  types 
are  used  by  more  than  fifty  concerns  engaged  in  manu¬ 
facturing  communications  equipment  for  the  U.  S.  Army 
Signal  Corps: 


50-A 

61 

74 

114 

150 

56 

65 

56 

65 

56 

64 

54 

62 

76 

119 

159 

59 

67 

59 

67 

59 

65 

55 

63 

77 

120 

160 

60 

74 

60 

74 

60 

74 

56 

64 

104 

124 

354 

61 

76 

61 

76 

61 

76 

58 

65 

108 

125 

62 

77 

62 

77 

62 

77 

59 

67 

109 

127 

63 

104 

63 

104 

63 

104 

60 

68 

112 

149 

.64 

64 

Special  Designs  to  Order 

Remler  Tool  and  Die,  Plastic  Molding  and  Automatic  Screw 
Machine  Divisions  are  equipped  to  manufacture  plugs  and 
connectors  of  special  design  in  large  quantities.  Submit 
specifications. 

Wire  or  telephone  if  we  can  be  of  assistance 

REMLER  COMPANY,  LTD.  *  2101  Bryant  SL  *  San  Francisco,  10 


Fig.  6 — Thickness  gage  ior  inmilwthi^ 
sheets.  Graduated  dials  on  the  povn 
imit  are  adjusted  so  that  the  meter  reodi 
zero  ior  the  desired  thickness.  Devicrtioiii 
from  this  thickness  are  read  in  percenlagt 
of  the  standard 


mils)  is  calibrated  for  steels  of  med¬ 
ium  silicon  content.  Special  scales 
are  required  for  use  with  other 
metals  having  different  saturation 
characteristics. 

The  sensitivity  of  the  flux  meas¬ 
uring  element  of  this  gage  is  high 
and  there  is  a  small  effect  from  the 
earth’s  magnetic  field.  This  requires 
that  it  be  adjusted  for  use  in  the  po¬ 
sition  in  which  it  is  to  be  used,  hori¬ 
zontally  or  vertically. 


Nonmetallic  Materials 


For  measurements  of  insulating 
materials  such  as  mica,  glass,  lucite 
and  celluloid  the  insulating  sheet  is 
placed  on  a  table  having  a  steel  top 
of  uniform  thickness  and  the  gage  is 
placed  on  the  sheet.  Dials  on  the  in¬ 
strument  are  then  adjusted  to  the 
sheet  thickness  so  that  the  indicating 
meter  reads  zero  when  the  required 
standard  is  obtained.  The  gage, 
shown  in  Fig.  6,  operates  as  a  com¬ 
parator  gage  and  indicates  devia¬ 
tions  from  the  standard  thickness  in 
percentage.  The  normal  position  of 
the  meter  pointer  is  in  the  center  of 
the  scale  and  deflection  indicates 
oversize  and  undersize  conditions  up 
to  16  percent.  The  deviation  from  a 
standard  thickness  of  sheets  from  ^ 
to  I  inch  thick  can  be  measured  to  an 
accuracy  of  better  than  ten  percent 
With  such  a  deviation  from  the  ^  ^ 
standard  the  actual  deviation  may  be 
in  error  one  percent  of  the  total 
thickness. 
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WORN  WITH 


Awarded  lor  distinguished 
service .  •  •  to  employees  of 


SCIENTIFIC  RADIO  PRODUCTS  COMPANY 
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The  fighting  man  with  the  Distinguished  Service 
Medal  on  his  breast  is  proud.  For  it  denotes  excep¬ 
tional  bravery  beyond  the  call  of  duty — a  personal 
EXTRA  contribution  toward  Victory. 


Our  workers  can  be  proud  that  their  exceptional 
contribution  too  has  been  recognized.  For  the  “E’*  pins 
they  now  wear  signifies  distinguished  service,  individ¬ 
ual  excellence  on  the  production  front.  To  them,  not 
we,  must  be  given  credit  for  outstanding  service  to 
the  nation. 


738  West  Broadway  — Council  Bluffs,  Iowa 
MANUFACTURERS  OF  PIEZO  ELECTRIC  CRYSTALS  AND  ASSOCIATED  EQUIPMENT 
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Medical  Shock  Machine 


Your  own  company  is  probably  among  those  unable 
to  speak  freely  about  new  equipment  now  being  pro* 
duced.  Many  users  of  Luxtron*  photocells  are  in  the 
same  position.  But  we  may  at  least  tell  you  of  some 
Luxtron*  advantages  and  general  uses. 


LUXTRON*  PHOTOCELLS  HAVE  THESE  ADVANTAGES: 


•  Sufficient  current  is  generated  to  ejiminate 
the  need  of  any  amplifiers  for  direct  measure* 
ments. 

•  Where  amplification  is  required,  equipment 
using  these  photocells  is  lighter  and  less  bulky, 
because  of  the  cells'  relatively  tiny  size. 

•  Exact  calibration  of  Luxtron*  cells  is  unaffected 
by  shock  or  vibration. 

•  These  cells  enjoy  extremely  long  life  at  their 
original  calibration. 


LUXTRON*  PHOTOCELLS  CAN  BE  USED  IN  EQUIPMENT 
DESIGNED  FOR  THESE  PURPOSES: 


Light  MMiureinenl 
Colorimetry 
Smoko  dotoction 
Turbidity  moosurement 
Door  control 

Factory  inspection  *  counting 


Transparency  measurement 
Reflection  factors  for 
paints,  etc. 

Telemetering 
Sound  reproduction 


WRITE  FOR  TECHNICAL  LITERATURE  ON  LUXTRON*  CELLS 

*Rey.  U.  S.  Pat.  Off. 


By  Paul  Traugott,  Chief  Engineer 

Ktvvtra-PhyHical  Labe.,  Inc. 


Electric  shock  therapy  is  used  in 
the  treatment  of  certain  mental  dig. 
orders.  Electrodes  are  placed  on 
opposite  sides  of  the  patient’s  head 
(usually,  though  not  always,  on  the 
temples),  and  a  60-cycle  alternating 
voltage  in  the  range  from  75  to  150 
volts  is  applied  for  a  duration  of 
0.1  to  0.5  second,  the  physician  select¬ 
ing  whatever  duration  he  thinks  nec¬ 
essary.  The  patient  is  usually  seized 
with  a  violent  convulsion  followed  by 
unconsciousness ;  certain  curative 
effects  frequently  follow  the  proper 
employment  of  this  shock  therapy. 

An  electric  shock  machine  for  this 
treatment  is  thus  merely  an  instru¬ 
ment  which  provides  voltages  in  the 
proper  range,  together  with  a  switch 
and  a  timing  device  to  apply  the 
voltage  for  the  proper  duration.  A 
current  of  0.5  to  1.5  amperes  rms 
passes  in  the  patient  circuit.  With 
some  instruments  a  smaller  current 
at  a  lower  applied  voltage  is  used 
for  a  longer  period. 

A  General  Radio  Variac  provides  a 
convenient  variable  voltage  source, 
but  a  tapped  transformer  with 
switch  serves  equally  as  well  since 
small  voltage  variations  are  not  im¬ 
portant.  A  voltmeter  may  be  used, 
but  the  absence  of  critical  voltage 
requirements  makes  calibration  on  a 
dial  adequate  for  voltage  indication. 


Timing  Arrangements 


Various  kinds  of  timing  systems 
are  in  use.  One  simple  method  em¬ 
ploys  a  copper  slug  relay  in  series 
with  the  patient  circuit.  The  opera¬ 
tion  of  such  a  relay  can  be  delayed 
in  varying  amounts  by  changing  the 
voltage  which  energizes  its  coil, 
although  the  range  of  timing  that 
can  be  obtained  in  this  way  is  quite 
limited.  This  method  has  another 
disadvantage  in  that  a  change  of  the 
line  voltage  on  which  the  instrument 
is  operated  will  change  the  timing 
proportionately. 

Motor-driven  timing  cams  can 
also  be  used,  but  a  reliable  motor- 
cam  mechanism  providing  adequate 
flexibility  in  timing  adjustment  is  > 
fairly  complicated  device. 

There  is  also  a  variety  of  satis¬ 
factory  electronic  timers.  The  dia¬ 
gram  shows  an  extremely  simple 
electronic  timer  which  gives  con¬ 
tinuously'  variable  shock  durations 
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GUARDIAN  OlELECTRIC 

I62S-MWEST  WALNUT  STREET  CHICAGO,  ILLINOIS 


SERIES  345  RADIO  RELAY 
A  general  purpose  radio  relay  designed 
for  aircraft  use.  Contact  combinations  up 
to  three  pole,  double  throw.  Coil  resist¬ 
ances  range  from  .01  ohm  to  15,000 
ohms.  Standard  voltage:  16-32  volts  D.C. 
Available  with  delayed  release  or  de¬ 
layed  attract.  Weight:  tVi  oz.  Also  built 
for  A.  C.  operation  (Series  340). 


SERIES  195  MIDGET  RELAY 
One  of  the  smallest  of  all  relays.  Built 
for  aircraft  and  radio  applications  where 
space  and  weight  are  at  a  premium. 
Contact  rating:  2  amps,  at  24  volts  D.C. 
Switch  capacity  up  to  double  pole,  dou¬ 
ble  throw. 


UT-J12 

Ruick  referen, 

e»tribes  17 
for  wo, 

Pos»-Wo, 

Write  for  if  focfoy  .  .  . 


SERIES  165  VIBRATION  RESISTANT 
Counterbalanced  armature  and  sturdy 
construction  throughout  give  this  relayan 
unusual  resistance  to  vibration.  Silver 
contacts  are  rated  at  1 2V2  amperes  in  com¬ 
binations  up  to  double  pole,double  throw. 

Rating  for  aircraft  is  8  amperes  at  24 
volts  D.C.  Available  with  ceramic  insu¬ 
lation  for  HF  and  UHF  applications.  ; 
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In  the  diagram  it  will  be  seen  that 
one  side  of  the  pushbutton  switch 
opens  the  patient  circuit  while  the 
opposite  side  closes  the  circuit  which 


It  should  be  noted  that  a  primary 
consideration  in  these  devices  is 
safety.  Failure  of  a  component 
should,  as  far  as  possible,  result  in 
total  inoperation  rather  than  wrong 
operation  or  excessive  shock  dura¬ 
tion.  This  simple  circuit  meets  this 
requirement  also.  A  defective  tube 
will  prevent  the  passage  of  any  shock 
current.  Resistor  or  capacitor 
trouble  will  either  prevent  the  relay 
from  closing  or  make  the  shock  of 
very  short  duration. 


between  0.15  and  0.5  second  with 
the  components  indicated,  and  which 
has  the  considerable  advantage  of 
maintaining  its  timing  adjustment 
within  a  few  percent  for  line  voltage 
changes  of  20  percent. 


Safety 


Shock  therapy  machine  that  applies  about 
100  volts  to  the  patient's  temples  to  pro¬ 
duce  certain  curative  effects 


\ 


This  piece  of  South  American  quartz  crystal 
is  remarkable  for  its  piezo -electric  properties. 
Ground  so  it  responds  to  the  proper  frequency,  it 
becomes  a  most  important  part  of  electronic 
devices  used  by  our  armed  forces.  *  *  This  grind¬ 
ing  is  a  very  "touchy"  operation.  Our  special 
equipment  and  specially  trained  personnel  are 
doing  a  fine  job,  we  believe.  ^  *  This  is  one  of 

Connecticut's"  contributions  to  the  war  effort. 
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pushbutton  is  depressed  the  patient 
circuit  is  closed  through  both  the 
relay  contacts  and  the  pushbutton 
contacts,  but  the  grid  voltage  which  i 
holds  the  relay  closed  is  simultane-  i 
“  ously  removed  from  the  tube  except  ^  u 
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CONNECTICUT  TELEPHONE  &  ELECTRIC  DIVISION 


©  1943  Great  American  Industries,  Inc.,  Meriden,  Conn. 


In  order  to  guard  against  the  re¬ 
mote  possibility  of  the  relay  sticking 
closed  through  mechanical  failure, 
the  switch  for  administering  the 
shock  is  of  the  pushbutton  variety 
and  the  operator  is  instructed  to  hold 
it  in  the  “ON”  position  for  a  period 
not  greatly  exceeding  that  of  the 
selected  shock  duration. 


Timer  Circuit 


MERIDEN, 


CONNECTICUT 


9  Our  development  engineers  ore  glad  to  discuss  electrical 
and  electronic  product  ideas  which  might  fit  in  with  our 
postwar  plans.  Address  Mr.  W.  R.  Curtiss  at  the  above  address. 


Auto-Lite’s  research  and  engineering  facili¬ 
ties  on  wire  products  are  constantly  helping 
solve  baffling  problems — like  the  production 
of  the  new  Scott  Marine  Model  Low  Radiation 
Receiver.  This  amazing 
new  product  is  without 
detectable  radiation  even 
at  a  distance  of  a  few 
feet.  (Formerly,  receiver 
signals  could  often  be 
picked  up  as  far  as  100 
miles.) 

Controlling  factors  for 


wire  vary  greatly  .  .  .  limited  space,  unusual 
shape,  weight  restriction  or  cost.  Insulation  is 
often  of  paramount  importance.  Butyrate 
Tape  and  Vinylite  are  two  types  being  used 
for  lighting  and  low  tension  circuits  in  radio 
production,  aircraft  construction  and  other 
vital  war  needs. 

Our  business  has  been  built  by  supplying 
wire  and  wire  products  that  solve  problems 
for  designing  engineers  and  manufacturers. 
Whatever  you  need,  unusual  shapes,  sizes  or 
special  insulation  requirements . . .  feel  free  to 
write  us  for  authoritative  recommendations. 


THE  ELECTRIC  AUTO-LITE  COMPANY 


Wirt  Otvnion 


IN  ITS  24  MUT  MANUFACTUlING  DIVISIONS,  AUTO-LUI  IS  PRODUaNG  A  LONG  LIST  OF  ITEMS  FOR  AMERICA’S  ARMED  FORCES  ON  UNO,  SEA  AND  IN  THE  AIR 
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TRANSFORMERS  THAT  SAVE  TIME! 

•  No  experienced  technician  need  be  told  of  the  importance  of  the 
transformers  used  in  communication  systems,  Walkie-Talkies — all  so 
essential  in  carrying  the  War  to  a  victorious  end. 

Nor  is  it  necessary  to  point  out  that  the  margin  between  failure  and 
success  can  hinge  on  the  performance  of  one  piece  of  equipment — the 
Transformer,  for  example. 

For  25  years,  Jefferson  Electric  has  been  building  precision-made 
transformers.  Long  before  Pearl  Harbor,  there  were  years  of  close  co¬ 
operation  with  the  engineering  staffs  of  outstanding  American  manu¬ 
facturers  of  radio  and  communication  system  equipment.  Today  the  uni¬ 
form  quality  and  exact  fitness  to  the  job  of  Jefferson  Electric  transformers 
are  saving  time  in  equipment  assembly  and  on  the  battle  fronts — where 
time  is  vital  to  saving  lives.  To  manufacturers  of  radio,  communication 
systems,  and  television,  the  specialized  experience  of  Jefferson  Electric 
engineers  is  available.  Those  whom  our  manufacturing  facilities  make  it 
possible  to  supply  can  be  sure  of  transformers  that  meet  exacting  re¬ 
quirements  exactly.  .  .  .  JEFFERSON  ELECTRIC  COMPANY,  Bellwood 
(Suburb  of  Chicago),  Illinois.  Canadian  Factory:  60-64  Osier  Ave., 
W.  Toronto,  Ont. 


for  the  charge  on  the  capacitor. 
When  the  capacitor  charge  falls  Iotv 
enough  the  relay  opens;  the  shock 
duration  will  be  the  time  the  relay 
stays  closed  after  the  pushbutton  is 
depressed,  and  depends  upon  the  set¬ 
ting  of  variable  resistor  72,.  The 
delay  can  be  extended  to  several 
seconds  if  desired  by  increasing  the 
value  of  R  or  C,  provided  the  capac¬ 
itor  has  low  leakage  and  the  tube 
is  not  gassy. 

The  spring  bias  on  the  relay 
affects  the  timing,  and  the  final  tim¬ 
ing  adjustment  must  be  made  for  one 
specific  relay  adjustment.  The  relay 
should  have  no  inherent  delay.  The 
timing  adjustment  is  usually  made 
by  counting  the  cycles  in  the  shock 
impulse  on  some  kind  of  oscillograph ; 
the  direct  writing  oscillographs  are 
of  course  the  simplest  to  use  for  this 
work. 
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Circuit  of  electronic  timer  for  controlling 
therapeutic  shocks.  A  neon  bulb  is  used 
as  a  voltage  stabiliser  to  maintain  timing 
adiustment  within  a  few  percent  for  line 
voltage  changes  of  20  percent 

The  electrodes  need  only  be  metal 
discs  about  2  inches  in  diameter,  held 
on  the  patient’s  temples  by  a  rubber 
strap.  Usually  a  small  cloth  satu¬ 
rated  with  salt  solution  is  placed 
between  the  skin  and  the  electrode, 
and  the  temples  are  rubbed  with  an 
electrode  jelly  to  increase  skin  con¬ 
ductivity  and  prevent  burning. 
Smaller  electrodes  may  produce  burn¬ 
ing  because  of  current  concentration 
in  too  small  an  area. 

Patient  Resistance 

Some  electric  shock  machines  are 
provided  with  a  resistance-measur¬ 
ing  circuit  so  that  the  resistance  of 
the  patient  circuit  may  be  deter¬ 
mined  before  giving  the  shock.  This 
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SINCE  the  very  beginning  of  the  quartz 
cutting  program,  DI>MET  engineers  have 
constantly  endeavored  to  improve  quartz 
cutting  results  through  better  blade  and 
machine  performance.  Their  success  in  these 
efforts  has  been  substantial,  starting  with  the 
first  Dl'MET  Rimlock  blade  offered  to  the 
quartz  industry. 

The  Rimlock  was  developed  by  a  radical  departure  in 
bonding  procedures*  which  greatly  increased  the 
blade  life  and  cutting  speed.  For  the  delicate  dicing 
operation  the  DI*MET  Resinoid  Bonded  Wheel  proved 
highly  efficient  producing  smooth,  polished  surfaces. 

Latest  developments  in  Di-MET  laboratories 
include  the  "green •rim"  resinoid  bond  for  « 
increased  life,  and  Dynamic  Tensioning— a  ^ 


process  that  puts  cutting  rims  of  metal  type  wheels 
under  balanced  tension— makes  blades  run  flat  dur¬ 
ing  actual  cutting  operations  and  tends  to  keep  them 
flat  for  the  life  of  the  blade  1 


Undoubtedly  new  and  even  better  DI-MET  develop¬ 
ments  are  in  store  for  quartz  operators.  And  you  can 
bet  your  share  will  come  from  DI-MET  laboratories, 
since  continuous  effort  and  experimentation  here  are 
constantly  improving  existing  quartz  cutting  tech¬ 
niques,  producing  more  blanks  per  pound  of  quartz 
and  eliminating  unnecessary  wastage.  For  any  cutting 
problem— for  every  cutting  operation— look  to  DI-MET! 


^  FELKER  MANUFAGURING  CO. 

^^1116  Border  Ave.  •  Torrance,  Calif 


TYPE  C  R 
Bond  I  Copper 
SIZES 

Gat  Off  Wheelai 
3”,  4”  and  all  eren 
diaaietera  np  to  16* 
TRick  bed, 
Wbeelai 

Diaaeleias  Up  to  6* 

TUekneaaea  I W  *  t*  M 


RESINOID 
BONDED 
Straight  Whorl, 
Tsrpo  DIT 
Diamelera: 


RIMLOCK 
Bond  t  Copper 
SIZES 

Cnt  Off  Wbeelai 
3*.  4*  and  all  even 
diametera  up  to  16* 
Thick  bod, 
Wbeelas 

Diametera:  1*  to  6* 
Thickneaaea :  A  *  <0 


Realnold  Banded 
Plain  Cnpvrbeei, 
Typo  D«W 

Dlimeter:  6* 


RIMLOCK 
Bond:  Steel 
SIZES 

Cot4)ff  Wbeelai 
3*,  4*  and  all  aven 
diametera  to  24* 
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104100 

items  under  one  roof 


one  quick, 
central  source 
for  Everything 


Electronics 


and  Radio 


Smnd  for  Today's  Most 


Comploto  and  Up-To-Dato 


BUYING  GUIDE 


The  world's  largest  stocks  are  centralized 


in  this  single  arsenal  of  supply.  Over 


10,000  Items  .  .  .  for  laboratory,  pro 


duction,  maintenance,  training  and  com¬ 
bat.  That  means  quick  delivery  on  vital  needs  for  the  Armed  Forces,  Gov¬ 
ernment,  Industry.  Our  Procurement  Experts  are  in  touch  with  all 
leading  manufacturers  and  have  latest  "supply  data."  This  enables  us  to 
simplify  and  expedite  all  your  purchases. 

Save  Time  —  Call  ALLIED  First! 

You  deal  with  one  source  . . .  instead  of  many.  You  send  one  order  . . .  for 
everything.  You  save  time  .  .  .  avert  delays.  Whatever  you  need  in  elec¬ 
tronics  and  radio  .  .  .  call  Allied  first.  Thousands  do. 

Write,  Wire,  or  Phone  Haymarket  6800. 

Allied  Radio  Corp.,  833  W.  Jackson,  Dept.  24>L-3,  Chicago  7,  U.S.A. 


10,000  Wartime  Items— such  as: 


Twb*< 

Transformers 

Meters 

Condenser* 

Relays 

Test  Equip. 

Capacitors 

Switches 

Microphones 

Rosislors 

Rectifiers 

Headphones 

Rhoostats 

Wire  B  Cobie 

Public  Address 

Colls 

Crystais 

intercom 

Sockets 

Speakers 

Power  Suppiies 

Rhoto  Cells 

Receivers 

Converters 

Batteries 

Training  Kits 

Generators 

Ckargers 

Cod*  Equip. 

Tools 

measurement  seems  to  have  little 
no  significance.  The  mea8ur»>ment 
made  with  only  a  few  volts  ippij 
and  thus  the  conditions  of  m- as; 
ment  are  radically  different  fn 
those  which  obtain  during  the  pa; 
sage  of  the  shock  current,  it 
probably  largely  a  measurement 
the  superficial  skin  resistance  rathe 
than  any  measurement  of  the  dv 
namic  impedance  to  the  pa.^^sage 
the  shock  current;  and  no  predic 
as  to  the  proper  voltage  n.  essa 
for  treatment  can  be  made  from  thi 
superficial  resistance  measurement 

A  few  years  ago  this  writer 
veloped  a  recording  surge  cun 
meter  for  use  in  electric  shock  nu 
urement.  Measurements  made  w; 
it  indicated  that  the  impedance  t 
the  passage  of  the  shock  current 
most  of  the  observed  cases  avtiaj; 
around  100  ohms,  although  the  i  t 
ance  of  the  patient  circuit  as  dettr 
mined  by  the  low-voltage  resistan 
measuring  circuit  of  a  conventi  i: 
instrument  varied  from  several  h 
dred  to  several  thousand  ohms 
showed  no  significant  relationship 
the  instantaneous  current 
passed  during  the  shock. 

Without  intimating  the  expre 
of  a  medical  opinion,  it  may  perh 
be  stated  that  excellent  results 
the  treatment  of  some  mental 
nesses  have  been  reported  from 
use  of  electric  shock  treatment. 


Self-Checking  Carrier 
Tone  Alarm 

By  Paul  A.  Berg 

Transmitter  Bnginrn 

station  WJJD,  Des  I'lainvit,  III. 

In  the  design  of  carrier  tone  ala 
circuits,  the  prime  consideration 
reliability.  If  the  key  station 
temporarily  caused  to  operate  at 
duced  power,  or  receiving  conditi 
are  such  that  a  decreased  signal 
effected  at  the  monitoring  recei 
provision  should  be  made  to  ei 
increase  the  sensitivity  of  *  the  al 
circuit,  or  to  actuate  the  alarm 
inform  the  operator  of  the  t  xi 
condition,  so  that  he  may  revert 
audio  monitoring  until  the  n 
condition  has  been  restored. 

A  carrier  tone  alarm  circuit 
herewith  described,  with  a  self-c 
ing  feature  that  guards  against 
ing  conditions  of  reception  of  the 
station.  An  effort  has  been  made 
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SANTIAGO  DE  CHILE 


RIO  DE  JANEIRO 


'*  Our  boys  in  Shanghai  kept  their  circuits  going  until  ten  min¬ 
utes  before  the  Japs  walked  in.  Even  after  Jap  soldiers  were 
posted  at  the  front  entrance  of  our  building,  our  boys  kept  work¬ 
ing.  Finally,  our  lookouts  gave  the  signal,  the  manager  herded 
everyone  into  a  freight  elevator  and  we  escaped  through  a  back 
door  as  the  Japs  marched  in  the  front.” 

— From  an  eyewitness  account  of  the  capture  of  Shanghai. 


The  Press  Wireless  offices  in  Shanghai  were  the  last  com¬ 
munications  points  to  close  their  doors  when  the  Japs  seized 
the  city.  In  keeping  with  the  traditions  of  the  Company, 
Press  Wireless  operators,  at  the  risk  of  their  lives,  sent  news 
and  other  important  dispatches  up  to  the  last  moment.  Some 
faced  other  perils  in  escaping  through  the  Jap  lines  to  Chung¬ 
king  to  help  staff  a  new  station  there. 

In  communications  as  in  combat,  today’s  warfare  calls  for 
loyalty,  courage  and  enterprise  of  the  highest  order.  Press 
Wireless,  Inc.,  is  proud  to  be  serv'ing  front  communication 
lines  throughout  the  world. 


PRESS  WIRELESS,  w. 


Aw«rd*d  to  Our  Htcktville  Lor>9  KUnd  PUM  (or 
OuMoodioq  Ackiovomonf  in  War  Production 


PRESS  WIRELESS,  INC., 
IS  DEVELOPING 
AND  MANUFACTURING 

•  HIGH  POWER  TRANSMITTERS 

•  DIVERSITY  RECEIVERS 

•  AIRCRAFT  AND  AIRFIELD 

RADIO  EQUIPMENT 

•  RADIO  PRINTER  SYSTEMS 

•  MODUPLEX  UNITS-TRADEMARK 

•  CHANNELING  DEVICES 

•  RADIO  PHOTO  TERMINALS 

•  FACSIMILE  MACHINES 

AND  OTHER  TYPES  OF  RADIO  AND 
COMMUNICATIONS  EQUIPMENT 


ExecMtive  Offices  Sales  Office,  Manufacturing  Division 

435  N.  MICHIGAN  AVENUE,  CHICAGO  1475  BROADWAY.  NEW  YORK  CITY 
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Presto  Recording  Corporotion 


N  E  W  YOR  K  1  9,  N.  Y.,  U.  S.  A. 

World’s  Largest  Monu^ocfi/reri  of  Instantaneous  Sound  Recording  Eauipment  and  Discs 


detector  plate  current  are  someth 
less  than  half  waves, 


a  capacitanc 

is  provided  across  the  detec  tor  loa 
circuit  to  utilize  the  peak  values  q 
output  to  excite  the  d-c  amplifier. 

With  increased  values  of  avc  vo! 
age,  resulting  from  a  decre;.sing  jj 
tensity  of  the  received  siKaal,  th 
sensitivity  of  the  detector  is  aut< 
matically  increased.  Likewise  any  d* 
crease  in  operating  sensivity  of  ^ 
receiver  causes  increased  detects 
sensitivity.  With  proper  adjust^, 
of  the  detector  load  resistance  tb 
alarm  will  be  actuated  when  the  ar 
bias  has  sufficiently  decreased  so  tha 
detection  of  the  alarm  carrier  is  n 
longer  possible.  Thus  automatic  pro 
vision  is  made  for  checking  simui 
taneously  the  operation  of  the  re 
ceiver  and  the  carrier  of  the  trans 
mitter  sending  out  the  alarm  alert 

Use  of  D-C  Amplifier 

The  employment  of  a  direct  cur 
rent  amplifier  serves  a  dual  purpcsi 
It  increases  the  sensitivity  of  the  in 
strument  and  serves  as  a  current  ia 
yerter  permitting  use  of  a  relay  o 
he  normally-closed  type.  Operatic: 
of  the  alarm  relay  in  a  normal  hold) 
ing  position 


^ 

««« 

Pinr  la 


is  a  positive  checi 
against  power  failure  or  loss  of  th 
d-c  potential  of  the  power  supply. 

An  RC  constant  is  employed  at  th 
input  of  the  direct  current  amplifier 
to  provide  protection  against  tls 
alarm  circuit  being  actuated  by  s u- 
tained  musical  notes  which  are  verj 
near  the  alert  frequency.  This  aiy 
rovides  a  delay  on  the  carrier  alarii 
which  will  not  be  affected  by  rap! 
fading,  carrier  failures  due  to  i: 
stantaneous  transmitter  overloads,  r 
breaks  of  extremely  short  durati  r 
Practical  operation  has  shown  that« 
delay  of  10  seconds  is  adequate. 

With  an  advanced  position  of 
volume  control  the  circuit  may  i- 
made  to  oscillate  at  the  frequency  f 
the  filter  circuit,  due  to  the  distr;> 
uted  constants,  and  the  fact  that : 
decoupling  filters  have  been  provid  : 
This  is  an  advantageous  feature  !r 
checking  the  resonant  frequency  : 
the  filter,  and  provides  an  excell  :* 
check  on  the  operation  of  the  ah 
Best  setting  of  the  volume  con.r. 
can  be  determined  by  adjustment  a 
the  point  just  below  oscillation. 

Individual  circuit  refinements  a.'e 
left  to  the  discretion  of  the  irii- 
vidual  operator.  A  battery  and  bel 
or  automatic  actuation  of  the  moni¬ 
toring  channel  may  be  incorporated. 


Over  land  and  under  sea.  Presto  Recorders  have 
their  ears  glued  to  Sounds  . . .  pick  them  up  and  play 
them  back  so  Sailors,  Soldiers  and  Aviators  may 
know  who*s  there  —  friend  or  foe!  •  As  in  peace,  so 
in  war . . .  if  it’s  a  noise  Presto  will  get  it  — faithfully 
and  realistically. 
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Today’s  Replacements  Speeded 


Two  Years  Before  M  Harbor! 
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.  It  was  more  than  23  months  before  Pearl  Harbor  that  RCA 
started  something  which  today-23  months  after  Pearl  Harbor- 
is  speeding  replacements  of  electron  tubes  to  far-off  fronts. 

•  For  at  that  time  RCA  launched  its  Preferred  Type  Tube  program. 
From  among  many  hundreds  of  tubes  of  various  kinds  and  sues 
RCA  selected  36  receiving  tubes-each  for  some  basic,  needed 
characteristic.  This  made  possible  larger  manufacturing  runs  on 
fewer  types,  and  resulted  in  better  tubes  of  greater  uniformity  at 
lower  cost.  RCA’s  program  was  hailed  immediately  by  equip¬ 
ment  manufacturers.  They  knew  that  the  saving  in  all-around  effi¬ 
ciency  would  be  their  saving. 

•  When  war  came,  the  U.  S.  Government  also  issued  a  list,  called 
the  “Army-Navy  Preferred  List  of  Tube  Types.”  (We’ll  be  happy 
to  send  you  a  copy  of  the  latest  revised  list  on  request.)  And  now 
this  program  is  serving  the  country  well  ...  in  releasing  for  other 
war  purposes  the  stocks  of  vital  materials  formerly  tied  up  in  the 
several  hundred  tube  types  ...  and  in  making  it  possible  to  expe¬ 
dite  delivery  of  standord  type  electron  tubes  wherever  the  fight¬ 
ing  fronts  need  replacements— fast. 

'•  POST-WAR  POSSIBILITIES.  RCA’s  application  engineers  invite 
inquiries  from  equipment  manufacturers  concerning  tubes  most 
likely  to  be  on  the  RCA  list  of  post-war  preferred  types.  Remem¬ 
ber:  The  Magic  Brain  of  All  Electronic  Equipment  ^ 

Is  a  Tube  .  .  .  and  the  Fountain-Head  of  Modern  ’ 

Tube  Development  Is  RCA.  RCA  Victor  Division, 

Radio  Corporation  of  America,  Camden,  New  Jersey. 


RCA  lE[L'll®'irBlli!l  TUBES 


TUNE  IN  "WHAT'S  NEW?"  RCA  *  great  new 


show.  Solurday  night*,  7  to  8,  E.  W.  T.,  Blue  Network. 
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^icnr  Holds 

Town  Nieetin*  Record 

MICAH  remembers  when  a  principal  use  of 
Macallen-processed  mica  was  to  let  the  warm 
glow  of  fires  in  home,  office,  shop,  railway  and 
town-hall  stoves,  shin^hrough  cheerily.  Micah 
holds  the  town-meetin’  record  for  mellowing 
irate  participants. 

But  he  finds  later  achievements  far  more 
stimulating. 

Thomas  A.  Edison  presented  the  opportunity 
and  the  Macallen  Company,  and  mica,  began  to 
•  go  places.  Mr.  Edison’s  creative  genius  quickly 
passed  the  point  where  a  sheet  of  mica  of 
approximate  size  and  indefinite  thickness,  satis¬ 
fied .  requirements. 

Macallen  accepted  the  challenge  and  devised 
ways  to  assure  uniformity,  give  shape,  and  con¬ 
trol  measurements  in  mica  forms  and  sheets. 
For  fifty  years,  we  have  kept  pace  with  devel¬ 
opments  in  the  electrical  field,  so  that  we  were 
ready  to  carry  on  into  the  more  exacting  science 
of  electronics. 

*MICAH  represents  the  high-grade 
mica  products  processed  by  Macallen. 
He  would  like  to  send  you  his  SOtb 
anniversary  book  —  Macallen  and 
Mica.  Your  name  and  address,  please? 

PRODUCTS 

Compressed  Sheets  —  Mica  Paper,  Kf 

Cloth,  Tape.  Heater  Plate,  Compressed 
Sheet  Tubing  —  Commutator  Insulation 

—  Compressed  Sheet  Washers  —  In- 
sulating  Joints  and  Canopy  Insulators 

—  Railway  Specialties  —  Domestic  and  ^  *  j 

Imported  Raw  Mica.  Always  specify  ^^AltEN  Mir 
MACALLEN  MICA. 


THE  MACALLEN  COMPANY 

16  MACALLEN  ST.,  BOSTON 

CHICAGO;  565  W.  WosbiagtoB  Blvd.  CLEVELAND:  1005  Leader  Bldg. 


Thermal  Insulation  for 
Electrostatic  Heating 

Uniform  heating  of  an  entire 
so  that  the  outside  surfaces  are  mai 
tained  at  about  the  same  tmnpe 
ture  as  the  degree  of  internal  heat 
provided  by  the  use  of  thermal  ins 
ation  around  the  material.  Th 
method  of  application  of  electrostati 
heating  is  used  in  the  manufactu 
of  Pregwood  propeller  blocks  by  tin 
Formica  Insulation  Co.  The  photo, 
graphs  show  sheets  of  Pregwood 
ing  glued  together  while  inclosed  ii 
a  thermal  insulation  box  that  helpi 
prevent  the  loss  of  heat  from  thi 
outer  surfaces  of  the  sheets. 


mmk 


On*  oi  the  preesee  used  in  manniocturia, 
airplane  propellen,  in  which  phenolic  glm 
U  cured  by  electrostatic  heotinq 

Gluing  the  sheets  together  to  fom 
a  mass  suitable  for  propellers  pre^ 
sented  a  considerable  problem  since 
cold-setting  glues  are  not  satisfM 
tory  and  steam  or  oven  heating  could 
not  be  used  because  prolonged  heat¬ 
ing  is  injurious  to  Pregwood.  The 
answer  has  been  found  in  the  use  of 
heat-setting  phenolic  glue  cured  bj 
electrostatic  heating.  The  glue  is  set 
with  moderately  high-temperature 
heat  generated  in  the  material  by  i 
self-excited  oscillator  that  deliven 
15  kilowatts  to  the  load  at  a  fre 
quency  of  1,740  kilocycles. 

Radio-frequency  power  from  tie 
oscillator  is  connected  to  three 
presses  in  turn.  This  permits  tie 
generator  to  be  used  continuoudy 
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without  waiting  for  loading  and  un- 
loading  of  the  presses.  The  tubes  io 
the  generator  are  type  892  power 
tubes  with  an  input  to  their  plates  of 
27  kilowatts. 


TURNER  U-9S.  FILLS  4 
IMPEDANCE  REQUIRE¬ 
MENTS 

A  twist  oi  the  switch  on 
U-9S  (left)  gives  you 
your  choice  of  50  ohm, 
200  or  500  ohms  or  hi- 
impedance.  Lets  you  fill 
practically  every  broad¬ 
cast  need  with  one  Mi¬ 
crophone.  Adjustisblo  to 
semi-  or  non-directional 
operation.  Free  from 
peaks  and  holes  from  40 
to  9,000  cycles.  Level 
-52DB.  Gunmetal  type 

finiwh  ,  .  , 


Electronic  testing  of  carbon  po- 
tentiometers  and  volume  controls  ii 
accomplished  by  means  of  the  fixtur* 
shown  in  the  photograph.  The  resis¬ 
tance  curve,  taper,  hop-off,  transition 
points  or  ink  blends,  flaws  or  cracks, 
potential  noise  sources,  comparativt 
resistance  values,  useful  rotation  and 
grounds  are  checked  more  quickl; 
than  by  conventional  means.  Factors 
such  as  the  resistance  curve,  taper, 
hop-off,  and  transition  points  can  bt 
held  within  narrow  tolerances  by 


C-R  Tube  Tests  Controls 
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!  Mounting  ihoots  oi  Progwood  (oncoMd  h 
I  thonnal  insulation)  in  an  oloctTostaacallT 
I  hootod  pross.  Clips  connoct  to  coppn 
I  plates  on  each  sido  of  the  motsriol  to  U 
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markings  on  the  screen  of  the  cath¬ 
ode-ray  tube. 

The  device  consists  of  a  standard 
potentiometer  which  controls  the 
horizontal  sweep  of  the  cathode-ray 
tube  and  which  is  geared  to  the  con' 
trol  under  test.  By  a  moveme.  t  of  a 
lever  the  two  controls  are  rotated  in 
step  with  each  other.  The  control 
under  test  actuates  the  vertical  sweep 
and  the  dot  traces  the  graph  of  the 
rotation  against  resistance  on  the 
screen  of  a  5-inch  tube.  The  arranfe- 
ment  has  been  used  by  Glarosiat  for 
several  years  in  production  testing 
of  their  products. 


J  Shock  Tester  for  Meters 


I  For  testing  meters  to  be  used  in 
communications  and  electrical  equip¬ 
ment  the  mechanism  shown  in  the 
photograph  has  been  designed  to  sub¬ 
ject  the  instruments  to  mechanical 
shock  to  determine  their  ability  to 
withstand  rough  handling  in  planes, 
tanks  and  other  mobile  units. 

The  mechanism  is  designed  for 
testing  2i  and  Si-inch  round,  flush¬ 
mounting,  panel-type  meters  and  has 
been  approved  by  the  American 
Standards  Association.  It  is  an 
adaption  of  a  design  originally  made 


M*chcmisin  for  dotormininq  tho  •uitobililT 
of  motors  for  use  in  moUlo  equipment  m 
mode  by  Radio  Frequency  Lobs..  Inc.  Tbe 
meter  is  placed  in  o  carrioge  ond  boanc«<i 
from  Torious  heights 
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Because  all  our  facilities  are  devoted  to  tear  projects, 
UMvemeters,  at  present,  are  available  only  for  tear  work. 
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GENERAL  RADIO  COMPANY 


Cambridge  39,  Massachusetts 


LOS  ANGELES  38 


NEW  YORK  6 


Sisl' 


W  A  V  E  ME  TER  $ 

-4:  V  -'w  I  ^ 

These  two  instruments  i^ial  and  present  bound¬ 

aries  of  a  development  prograth  that  ha.s  produced,  in  the 
last  twenty-six  ytsars,  some  tw^ty-five  separate  types  of 
wavemeters,  each^Uing  a  deik^teNid^  in  the  communica¬ 
tion  industry’s  need  '  %  Mingde-tb-bpcrate,  frequency¬ 
measuring  instniments.  'i 

Between  the  Type  jLOS^F^avemefer  of  wartime  1917, 
and  the  Type  758-A  U-H-F  Wavemeter,  a  wartime  1943 
instrument,  there  is  superficially  little  resemblance.  Both, 
however,  embody  the  accuracy  and  high-quality  construe- . 
tion  that  is  characteristic  of  General  Radio  instruments  — 
accuracy  made  possible  by  General  Radio’s  pioneer  de¬ 
velopment  of  accurate  primary  frequency  standards,  and 
quality  based  on  years  of  experience  in  building  reliable 

t'lpf-Lmnin  inAt.ninw>nt<;^ 


The'tJeueraJ  Radio 
Company  buiMs'a  vari¬ 
ety  of  wavemeters,  each 
designed  for  a  definite 
type  of  measurement. 
These  instruments  cover 
a  frequency  range  of  16 
kilocycles  to  several  hun¬ 
dred  megacycles,  and 
range  in  accuracy  from 
2%  to  0.01%. 
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Write  for  your  copy  today  I 


The  Struthers-Dunn  Catalog  has  been  prepared 
with  a  careful  eye  toward  enabling  you  to  select 
Relays  and  Timers  intelligently  from  a  line  that 
covers  just  about  every  need— and  then  to  use 
them  to  best  possible  advantage. 

In  addition  to  complete  descriptions  of 


standard  Struthers-Dunn  types,  this  Catalog  con- 
uins  a  wealth  of  Relay  engineering  and  applica¬ 
tion  data  which  should  prove  both  interesting 
and  helpful.  Behind  this,  our  district  engineers 
in  the  cities  listed  below  stand  ready  to  help  in 
solving  your  Relay-Timer  problems. 


TRUTNERS*DUIin,lni.  i 


A.. 


by  the  National  Bureau  of  Stani 
ards  with  the  cooperation  of  ti 
Weston  Electrical  Instrument  Cor 

The  meter  to  be  tested  is  moi 
in  a  cylinder  and  flange  xiur 
shown  in  the  foreground  of  the  phi 
tograph,  and  securely  fastened  to 
movable  carriage.  The  carriage 
raised  to  the  height  necessar .  for  o 
taining  the  desired  acceleration,  ai 
then  dropped  so  that  a  sprin 
mounted  at  the  bottom  of  the  ca 
riage  strikes  a  curved  anvil  on  to 
of  the  cast-iron  base.  It  is  p.  rmith 
to  make  a  single  contact  and 
caught  by  hand  on  the  first  i fboun 

Theory 

The  kinetic  energy  developed 
assumed  to  be  absorbed  by  the  sprin 
The  kinetic  energy,  imv*,  of  the  ca 
riage,  which  had  been  transforme 
from  the  potential  energy,  wh,  of  th 
raised  carriage,  equals  the  potentii 
energy  of  the  spring,  ifcd*.  From  thi 
the  maximum  deflection,  at  which  th 
maximum  acceleration  occurs,  ca; 
be  determined.  By  equating  the  tw< 
values  and  solving,  the  followinj 
equation  for  the  nominal  value  o 
the  acceleration  results: 

Q  -  ThK/w 

where  G  is  the  nominal  value  of  ao 
celeration  in  gravity  units;  h  is  th( 
height  in  inches  from  which  the  car 
riage  dropped ;  K  is  the  spring  cm 
stant  in  pounds  per  inch  deflectim; 
w  is  the  weight  of  the  carriage  ani 
load  in  pounds. 

The  equation  assumes  that  all  ol 
the  energy  is  absorbed  by  the  sprini 
in  quasi-static  condition;  that  nmi 
is  dissipated  in  elastic  vibration  o 
the  spring  or  the  structure,  and  tha 
no  yielding  takes  place  in  any  othet 
part  of  the  mechanism  or  the  baM 
mounting.  Although  these  hypo 
theses  are  not  attainable,  similar  re 
suits  will  be  obtained  by  variom 
workers  by  standardization  of  the 
tester  design. 

Construetion 

To  insure  rigidity  of  the  moving 
it  is  constructed  of  sted 


ADDED 

RECEPTION 

INSURANCE 


The  SCR-299  Mobile 
Communications  unit  is 
doing  a  great  job  on  all 
fighting  fronts... as  a  fixed 
station  or  a  fast  moving 
unit,  voice  commands  are 
transmitted  to  armored 
imits  under  the  most  diffi¬ 
cult  operating  conditions. 
The  Radio  Craftsmen  tun¬ 
ing  unit  is  playing  on  im¬ 
portant  role  as  a  vital  part 
of  the  SCR-299. 


carriage, 

having  a  thickness  of  i  inch.  The 
equivalent  of  one-piece  constructioi 
is  obtained  by  welding  the  carriage 
parts  after  they  are  securely  bolted 
together.  The  curved  stationary  an¬ 
vil  is  made  of  hardened  tool  steel 
with  a  radius  of  curvature  of 
inches  and  is  bolted  to  a  cast-iron 
bed  made  of  a  single  piece  of  metal 
The  calibrated  spring  at  the  bot- 
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Overloading  ...  high  or  low  temperatures  ...  moisture .. . 
corrosive  acids,  vapors  or  fumes  . . .  oils  . . .  greases  . . .  dust 
or  dirt,  the  destructive  elements  of  ordinary  electrical  insul¬ 
ations  WON'T  AFFECT  M-R  FIBREGLAS  inorganic  ELECTRICAL 
INSULATION.  ‘  t 

The  success  story  of  FIBREGLAS  ELECTRICAL  INSULATION 
abounds  with  fewer  breakdowns,  less  maintenance,  elimi¬ 
nation  of  waste,  savings  in  labor  and  materials  and  proves 
its  value  as  the  optimum  in  Electrical  Insulation  Protection. 


MITCHELL-RAND  INSULATION  COMPANY,  INC. 


51  MURRAY  STREET 


COrtlandt  7-9264 


NEW  YORK  7,  N.  Y. 


Varnished  Top*  and  Cloth 
Papers  and  Twines 
lilinq  and  Pothead  Compeands 
Tope  and  Splice 
er  Compounds 


A  PARTIAL  LIST  OF  H-R  PRODUCTS 

Fiberqias  Iroided  SIc^v'oS 
Cotton  Topes,  Webbinqs  and  Sleevinqs 
Impreqnoted  Vornish  Tubinq 
Insulotinq  Varnishes  of  all  types 


Fiberqias  Saturated  Sleevinq  and  Varnished  Tubinq 

Asbestos  Sleevinq  ond  Tope 

Extruded  Plastic  Tubinq 

Varnished  Cambric  Cloth  and  Tope 

Mica  Plate,  Tape,  Paper,  Cloth  and  Tubinq 


LE(  I  RONICS  —  November  1943 


n 


NOMMAL  ACCfURATION-ft  ^ 

CtuTTM  ior  m*l«r  waighls  oi  0^  and  iqI 
pounds,  colculotod  on  ttio  bo^  oi  a  mtan 
spring  constomt  of  S.250  I 


tom  of  the  carriage  is  made  of  one 
percent  carbon  tool  steel,  hardened 
and  spring-tempered.  The  strengtb 
of  this  spring  is  dependent  on  the 
quality  of  the  material  and  its  heat 
treatment  It  has  a  spring  constar.; 
K  between  6,000  and  5,500  pounds 
per  inch  deflection. 

Method  of  Calibration 

Static  loads  up  to  500  pounds  are 
applied  to  the  top  of  the  carriage 
frame  and  the  deflections  of  the. 
spring  measured  with  a  dial  gage  or 
height  gage  mounted  on  the  top  sur¬ 
face  of  the  cast-iron  bed.  Measure 
ments  are  taken  at  the  center  of  the 
carriage  face  plate.  The  spring  con¬ 
stant  K  is  found  from  K  =  load  in 
Ib./inches  deflection.  With  a  spring 
constant  equal  to  5,000  the  deflection 
of  a  500-pound  load  is  0.1  inch. 

Calibration  curves  for  various 
meter  weights  may  be  plotted.  In 
most  cases  parallel  curves  for 
weights  of  0.5  and  2.0  pounds  will 
suffice  and  intermediate  weights  can 
be  estimated.  Curves  are  shown  that 
have  been  arbitrarily  calculated  on 
the  basis  of  a  mean  spring  constant 
K  of  5,250  and  a  combined  carriage 
and  fixture  weight  of  9}  pounds. 

If  comparable  results  are  to  be  ob¬ 
tained  with  copies  of  this  testing  ap¬ 
paratus  they  must  be  made  dyna¬ 
mically  similar.  Complete  specifica¬ 
tions,  including  drawings  of  the 
parts  and  assemblies  furnished  by 
the  Signal  Corps,  are  contained  in  the 
American  War  Standard  C39.3-1943, 
which  may  be  obtained  from  the 
American  Standards  Association,  2i 
West  39th  St.,  New  York  18,  for  25 
cents  each. 


Free  Speech — oi  the 
Foui;  Freedoms.  'Amer^ 
ca's  great  radio  industry 
is  serving  the  nation  well 
in  helping  to  protect  this 
great  privilege.  And 
Blaw-Knox  towers  are 
helping  to  deliver  maxi¬ 
mum  coverage  and  de¬ 
pendability  in  transmis¬ 
sion. 


BLAW-KNOX  DIVISION  of  Blaw-Knox  Company 
Farmers  Bank  Building  . .  .  Pittsburgh,  Pa. 
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If  you  believe  in  the  future  of  America  as  we 
do,  then  we’re  asking  for  an  appointment  im¬ 
mediately  after  the  victory  has  been  won  .  .  . 
when  a  bright  new  era  awaits  us  all. 

Perhaps  we  can  talk  about  a  coil  problem 
. . .  how  thoroughly  we’re  organized  to  help 
you  on  such  a  problem  only  military  censor¬ 
ship  forbids  telling  now.  Or  it  may  be  that 
you  manufacture  your  own  coils  and  will  be  in¬ 
terested  in  discussing  magnet  wire — any  shape 
—any  insulation  that  your  operations  require. 


As  a  matter  of  fact,  perhaps  we  can  get  to¬ 
gether  now,  but  if  it  happens  we  can’t,  remem¬ 
ber  we  have  a  date  in  and  for  the  future.  When 
we  both  can  keep  it,  you  can  again  take  advan¬ 
tage  of  Anaconda’s  service  and  the  benefits 
derived  from  the  single  product  control  "from 
mine  to  consumer”  backed  by  years  of  contin¬ 
uous  metallurgical  experience.  _ 


ANACONDA  WIRE  &  CABLE  COMPANY 
General  Offices:  2)  Broadway,  New  York  4 
Chicaso  Office:  20  N.  Wacker  Drive  6 
Smkiidiary  of  Awteondm  Copper  Mimint  Co, 
Sales  Offices  in  Principal  Cities 


This  familiar  trada-mark 
lymbolizet  the  bast  af> 
forts  of  modam  rasaorch 
and  production. 


ANACONDA  WIRE  &  CABLE  COMPANY 
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36001 


FULL  SIZE 


The  36001  and  36002 


Ceramic  Plate  or  Grid  Caps 


Another  exclusive  Millen  "Designed  for 
Application”  product.  Efficient,  compact, 
easy  to  use  and  neat  appearing.  Solder¬ 
ing  lug  and  contact  one-piece.  Lug  ears 
annealed  and  solder  dipped  to  facilitate 
easy  combination  "mechanical  plus 
soldered”  connection  of  cable.  No. 

36001  for  9  16"  tube  terminals.  No. 

36002  for 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 

liAALDEN 

MASSACHUSETTS 


\ 


FM  and  Television 

{Continued  from  page  97) 

and  administrative  problems  are  still 
to  be  worked  out.  While  most  of  the 
technical  problems  have  been  solved, 
so  far  as  engineering  is  concerned, 
television  cannot  progress  without 
being  designed  as  a  complete  system 
from  camera  tube  to  kinescope.  The 
future  of  television  is  dependent  to 
very  large  extent  upon  the  decisions 
which  will  be  made  by  the  Radio 
Technical  Planning  Board. 

Television  has,  of  course,  the  limi¬ 
tations  of  limited  transmission 
distance  necessitated  by  wide-band 
transmission  and  high-frequency 
carriers.  As  a  result,  chain  programs 
or  relaying,  or  both,  will  become 
necessary  if  television  is  to  assume 
the  important  position  which  the 
future  appears  to  have  assigned  to  it. 
New  developments  in  very  short 
waves  will  probably  make  possible 
more  practical  relaying  equipment, 
thus  overcoming  the  limitation  of 
distance  and  allowing  national  pro¬ 
grams. 

Other  Post-War  CoHsideratloRs 

In  some  quarters,  facsimile  is  re¬ 
garded  as  a  natural  adjunct  of  fre¬ 
quency  modulation  and  the  post-war 
era  may  possibly  see  the  introduction 
of  home  facsimile  f-m  broadcasting 
service.  The  technical  capacity  of 
modern  facsimile  systems  is  far  be¬ 
yond  anything  promoted  in  the  pre¬ 
war  period.  It  is  now  commonplace, 
technically  speaking,  to  deliver  black 
and  white  copy  at  the  rate  of  twenty- 
four  square  inches  per  minute,  from 
a  simple  and  inexpensive  receiver 
located  anywhere  within  the  normal 
service  area  of  an  f-m  broadcasting 
station. 

When  manufacture  of  civilian 
radio  equipment  is  resumed  after  the 
war,  there  will  undoubtedly  be  a  sub¬ 
stantial  replacement  market,  since 
many  radio  receivers  now  in  opera¬ 
tion  will  have  become  inoperative  or 
obsolete.  Replacement  equipment 
must  be  designed  and  built  to  give 
service  in  accordance  with  existing 
services,  and  cannot  be  geared,  to  any 
appreciable  extent,  to  new  services 
now  only  anticipated.  Consequently, 
with  one  market  for  replacement  and 
another  market  for  new  services,  two 
sets  of  conditions  must  be  faced  by 
he  industry.  Technically  and  econom¬ 
ically,  the  replacement  market  should 


Engineers  Aid  AppUcati 
of  Universal  Gasoline  Buid( 
to  Armed  Forces  and  Othe 
Essential  Sorvices 

FEATOIES  “SEALED -IN* STEEL”  Eli 

CLEVELAND,  OHIO 


•Growing 

mands  for  simple  and  efficient  heat 
for  mobile  service  units,  portable  he 
ing  elements  and  other  special  probU 
has  resulted  in  the  setting  up  of  a  s 


cial  division  of  Hunter  and  Companj 
this  city.  The  sub-division  will  W( 
with  designers,  builders,  purchaser] 
users  of  special  equipment  for  the  arn 
forces  or  for  essential  civilian  servic 
Success  in  the  varied  uses  to  wh 
Hunter  Heaters  already  have  been 
plied  resulted  in  this  broadening 
interest.  This  has  been  largely  due 
the  extreme  simplicity  of  the  Huo 
**Sealed-in-Steel”  burner,  the  fact  tl 
it  will  “give  out  heat  in  a  big  way”  fn 
any  type  of  gasoline,  from  truck  f 
to  100  octane. 


Flame  Completely  Sealed 
The  basic  unit 


is  a  completely  < 
closed  steel  tubular  burner,  with  higi 
effective  areas  of  heat  radiating  & 
Atomizing,  ignition  and  combusti 
take  place  within  the  welded  sti 
chamber,  the  only  opening  being 
exhaust,  which  can  be  piped  to  ano 
side  vent.  Hunter  units  for  both J^ed 
and  ventilation  include  small,  power 
blowers,  built  into  the  compact  hea 
casings.  Heaters  designed  for  operad 
from  either  battery  or  110  volt  cunt 
It  would  be  impossible  to  list  all 
the  uses  to  which  the  existing  mod 
can  be  put.  Engineers  with  the  arm 
forces  and  with  companies  buildi 
equipment  are  calling  every  day  I 
applications  hitherto  undreamed 
The  basic  principle  is  similar  to  t 
combustion  of  an  automobile  engi 
— just  as  simple,  safe  and  sure.  Modi 
are  made  in  2S-pound  packages  p 
ting  out  10,000  B.t.u.  per  hour  or 
larger  models  giving  any  amount 
heat  required.  On  heating  probln 
in  between  or  outside  of  the  itanda 
models.  Hunter  engineers  stand  rea 
to  work  with  your  engineers  in  fittii 
specific  needs. 

Requests  for  product  InformstK 
bulletin  “HA-2”  or  for  engineew 
data  should  be  addressed  to  . .  • 
Hunter  and  Company,  1558  Fi 
17th  Street,  Cleveland,  Ohio. 

{Advrtittmtntt 


\ 

I 

I 
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Mass  Radiator  for  Infrared 
Frequencies 

A  MASS  RADIATOR  that  consists  of  a 
mixture  of  movable  metal  particles 
suspended  in  a  liquid  dielectric 
medium  is  described  by  A.  A.  Glago¬ 
leva- Arkadieva  in  the  Sept.  1941 
issue  of  Comptes  Rendiis  (Russian), 
abstracted  in  the  August  1943  issue 
of  Wireless  Engineer.  The  mixture, 
called  a  vibrational  mass,  is  supplied 
with  high  voltage  by  an  inductor  to 
produce  sparking  between  the  par¬ 
ticles.  This  sparking  action  creates 
electrical  vibrations  in  the  particles, 
generating  frequencies  that  extend 
into  the  region  of  the  infrared  spec¬ 
trum  which  is  scarcely  accessible  to 
other  methods  of  generation  of  elec¬ 
trical  waves. 

Radiation  of  the  mass  vibrator  is 
caused  by  means  of  numerous  small 
Hertz  vibrators,  each  of  which  is 
formed  by  one  pair  of  metal  particles 
suspended  in  the  dielectric  medium. 
The  radiation  of  centimetric  waves 
is  excited  by  particles  arranged  in  a 
chain  or  otherwise,  another  kind  of 
each  such  accumulation  acting  as  a 
large  Hertz  vibrator.  The  shortest 
(millimetric  and  hectomicron)  waves 
are  radiated  by  the  tiniest  particles 
of  the  vibrational  mixture.  The 
radiation  does  not  arise  from  the 
exterior  layer  of  the  radiating  region 
alone,  but  comes  from  the  interior 
layers  which  are  under  the  influence 
of  the  discharge. 

Resonant  nichrome  -  constantan 
thermocouples  were  used  as  aerials 
in  this  investigation.  The  action  is 
similar  to  that  of  a  Helmholtz  radia¬ 
tor  for  sound  waves.  Use  of  such 
resonant  thermocouples  allows  meas¬ 
urements  to  be  carried  out  without 
additional  devices  for  the  mono- 
chromatization  of  the  radiation. 
Measurements  have  been  made  of 
the  monochromatic  waves  in  the 

region  from  353  microns  to  6.48  cm. 
% 


Symbols  for  Meter  Dials 

A  SET  OF  CONVENTIONAL  symbols  to 
be  marked  on  instrument  dials  is 
suggested  for  use  in  England  in  the 
July,  1943  issue  of  the  Journal  of  the- 
Institution  of  Electrical  Engineers. 
The  purpose  of  the  marking  is  to  in¬ 
dicate  the  type  of  movement  con¬ 
tained  in  the  meter.  Some  of  the  sug¬ 
gested  symbols  are  shown  in  the  dia¬ 
gram.  The  complete  list  contains  32 
symbols  in  all,  and  has  been  stand¬ 
ardized  by  the  International  Elec¬ 
trotechnical  Commission. 

This  method  of  marking  meters 
has  been  used  for  some  time  in 
Europe  and  is  said  to  have  been  ex- 


TTPE  ^  MOVEMENT 


PMmaiMnt  magnet  moving  coil 
Ohmmeter  . . 

Moving  iron 
□ectrodynamic  . . 
Power-factor  meter 
Induction  . . 

Hot-wire 


□ectroetotic 
>nkrating  reed 
Thermocouple 
I^-diic  rectifier 


nvfl 


1 


i 


tremely  helpful  to  German  and 
meter  manufacturers  in  selling  th 
products  in  countries  of  other 
guages.  A  similar  system  of  maj 
ings  might  be  advantageous  to  Am 
ican  meter  manufacturers 
anticipate  post-war  sales  in  Soil 
America  and  other  export  mark 


Mrs.  Patrice  Floyd,  civilian  instructress  in  radio  mechanics,  explains  the  mys¬ 
teries  of  an  oscillator  board  to  a  class  of  students  in  the  Army  Air  Force  Tsch- 
nical  Training  Command  School  in  Chicogo.  The  board  was  built  from  pods 
of  on  old  radio  receiver  shown  in  the  foreground.  This  set  is  one  oi  11.000 
contributed  to  the  school  by  the  public  in  answer  to  Army  requests  for  old  radioi 


ARMY  RECEIVES  A  FEW  POINTERS 
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Busy  electrons  obey  . . .  when  you  turn  the  knob  of  an  Ohmite 

Rheostat.  You  can  always  be  sure  of  smooth-action,  close- 
control,  trouble-free  service.  Because  of  their  time-proved  design 

and  construction,  Ohmite  Rheostats  serve  day-in  and  day-out 
in  all  types  of  electronic  devices — under  all  kinds  of  climatic 

conditions.  Ohmite  produces  ten  sizes  from  25  to  1000  watts,  in 
straight  or  tapered  windings,  in  stock  or  special  designs,  for 
every  requirement.  Approved  types  for  Army  and  Navy  specifications. 


OHMITE  MANUFACTURING  COMPANY 

4817  FLOURNOY  STREET,  CHICAGO  44,  U.S.A. 


SEND  FOR  CATALOC  and 
ENGINEERING  MANUAL  No.  40 

Write  on  company  letterhead  for  this 
helpful  ^6-page  guide  in  the  selection 
and  application  of  rheostats,  resistors, 
tap  switches,  chokes  and  attenuators. 


brating  member  by  more  than  O.i^p, 

Construction  of  Vibrator  I  nit 

This  type  of  sound  generator,  de 
veloped  by  H.  W.  St.  Clair,*  is  used  t 
flocculate  and  remove  suspend  dpai 
tides  in  smoke,  fumes  and  fog,  ani 
contains  a  duralumin  bar  that  is  fre 
to  vibrate  at  its  resonant  frev,uencv 
The  mechanical  assembly  of  the  vi 
brator  is  shown  in  the  drawing,  Ar 
extruding  ring  acts  as  a  oiie-turr 
coil  which,  when  supplied  with  in 
duced  alternating  current,  drives  th( 
bar  in  much  the  same  manner  that  j 
voice  coil  assembly  drives  the  dia 
phragm  in  a  dynamic  loudspeaker. 

A  metal  plate  is  mounted  near  th- 
bar  to  form  an  electrostatic  pickm 
whose  capacitance  varies  with  th] 
motion  of  the  vibrating  bar.  This  ca 
pacitance  change  produces  an  alter 
nating  voltage  which  is  amplified  and 
fed  back  to  the  ring  that  energize; 
the  bar.  Essentially  this  comprises  j 
regenerative  circuit,  since  the  me 
tion  of  the  bar  generates  an  alternai 


Solderless  Connections 

A  NEW  METHOD  of  connecting  wires 
together  avoids  the  use  of  flux  and 
its  possibility  of  later  corrosion,  and 
also  permits  joining  enameled  wire 
without  removing  the  insulation. 

Connection  of  the  wires  is  ac¬ 
complished  by  means  of  a  device 
which  resembles  a  miniature  spot 
welder  and  contains  two  carbon  elec¬ 
trodes  having  blunt,  grooved  tips. 

The  wires  to  be  joined  are  twisted 
together  and  laid  in  the  groove  of 
one  carbon  with  a  small  piece  of  cop¬ 
per,  silver,  or  phosphor-bronze.  The 
second  similarly  grooved  electrode  is 
placed  over  the  first  to  cover  the 
joint.  When  it  makes  contact  it 
closes  an  electrical  circuit  that  causes 
the  carbons  to  become  red-hot.  The 
grooves  then  form  a  miniature  elec¬ 
tric  furnace  whose  tgttiperature  rises 
to  about  3,000  deg.  (}.  The  enclosure 
minimizes  oxidatron  by  excluding 
air,  while  the  he$l  burns  off  any 
varnish  on  the  wires  without  dam¬ 
aging  the  metal. 

The  method  has  been  patented  by 
Technotherm  Ltd.  of  St.  Albans, 

Herts,  England,  which  does  not  in¬ 
tend  to  manufacture  the  device  but 
prefers  to  arrange  for  others  to  do 
so.  It  is  reported  in  the  July,  1943 
issue  of  Wireless  Engineer,  a  Brit¬ 
ish  publication.  five  to  the  driving  force  produces  a 

direct  voltage  which  is  applied  to  a 

Automatic  Frequency  Control  employed  m  a  variable  re«t- 

.  «  .  1  nr.i  .  ance  to  correct  the  frequency  of  a 

for  Mechanical  Vibratora  oacillator.  Changes  in 

An  electronic  apparatus  for  driv-  either  the  oscillator  frequency  or  the 
ing  mechanically  resonant  vibrating  vibrator  frequency,  or  both,  of  ap- 
sound  generators,  that  maintains  proximately  600  cps  in  12  kc  are  fol- 
frequency  very  close  to  the  resonant  lowed  automatically  so  that  the  oscil- 
frequency  of  the  vibrator,  is  de-  lator  frequency  does  not  deviate  from 
scribed  by  E.  V.  Potter  in  the  Re-  the  resonant  frequency  of  the  vi- 


Crou-Mctton  of  vibrotiBg  bar  ai— mbly 
uMd  to  9onorato  blgh-lroquoncy  ooando 
ior  flocculating  gmoko  parttclos.  Tho  vi¬ 
brator  is  o  duralumin  bar.  supported  by  a 
thin  wob.  that  vibratos  ert  its  resonant 
frequency 


July,  1943.  The  vibrating  member 
actuates  an  electrostatic  pickup  plate 
that  generates  an  alternating  voltage 
which  is  fed  to  a  discriminator  and 
reactor  tube  circuit  similar  to  that 
used  for  automatic  frequency  con¬ 
trol  of  pushbutton  receivers.  Change  be  so  small  in  St.  Gair’s 

in  phase  of  the  vibrator  motion  rela-  system  that  the  amplifier  gain  may 

not  be  sufficient  to  maintain  oscilla¬ 
tions  and  the  system  ceases  to  func¬ 
tion.  Too,  the  vibrations  are  initi¬ 
ated  at  low  amplitude  and  gradually 
build  up  to  a  maximum,  so  that  in 
borderline  cases  where  the  gain  in 
the  system  is  barely  sufficient  to 
maintain  oscillations  it  may  be  diffi¬ 
cult  to  get  it  started. 


•  H.  W.  St.  Clair.  Rev.  8ci.  U, 

May,  1941 ;  Electsokics,  p.  79,  Sept,  1941. 


GERMAN  TELEPHONE 
SWITCH  BOX 


GERMAN  FIELD  TELE- 
PHONE  EQUIPMENT 


JAPANESE  FIELD 
TELEPHONE 


Photograph  shows  a  ten-line  German  ileU 
telephone  central  of  the  cord  type,  cad 
probably  used  at  Italian  Headquarlen 


This  captured  loponese  field  telephone 
equipment,  when  photographed  in  Aus¬ 
tralia.  appeared  to  ^  in  excellent  condition 


German  dial  type  field  telephone  switch 
box  for  two  lines,  complete  with  hand  set 
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Micro  Switch  Hair  Line  Accuracy  Guides 
Profilometer  to  Record  Minute  Metal  Roughness 


With  Micro  Switch  it  is  just  a  matter  of  naming  your 
requirement.  There  is  a  Micro  Switch  to  meet  it.  The  basic 
Micro  Switch  requiresaspaceof only Il/l6''x27/32*'x  1-15/16", 
movement  differential  is  possible  down  to  .0002",  and  will 
operate  on  a  force  as  low  as  1  /4  of  an  ounce.  It  is  listed  by 
Underwritets’  Laboratories  with  ratings  of  1200  V.  A.  loads, 
from  125  to  600  volts  A.  C. 

Special  housings  with  a  vatiety  of  actuators  are  available  on 
the  basic  Micro  Switch.  Some  of  these  are  shown  on  this 
page.  If  you  have  a  problem  of  precision  switching,  where 
small  sized,  rugged,  precise  switches  ate  required,  you 
should  consider  Micro  Switch. 


Even  though  metals  are  finished  by  abrasives,  milling,  turn¬ 
ing  and  grinding,  the  surface  remains  scored  with  a  myriad 
of  tiny  irregularities.  The  Profilometer,  built  by  the  Physi¬ 
cists  Research  Bureau,  Ann  Arbor,  Michigan,  measures 
these  surface  roughnesses  to  the  ten  millionth  of  an  inch. 

Micro  Switch  is  the  actuating  heart  of  the  hand  operated 
Mototrace,  here  shown  testing  the  surface  of  a  crank  shaft. 
The  Switch  was  seleaed  for  its  small  size,  precise  action  and 
its  ability  to  funaion  without  vibration. 

The  Micro  Switch  used  here  is  a  specially  built,  maintained 
contaa,  reset  spring  plunger  type  that  contains  a  specially 
formed,  rigidly  fixed  spring  under  the  Micro  Switch  spring 
to  meet  the  aitical  requirements  of  this  application. 

The  Profilometer  application  calls  for  a  very  small  move¬ 
ment  for  operating  release  and  this  operation  must  not  be 
affected  by  vibration.  No  other  switch  was  able  to  meet 
these  requirements.  This  equipment  permits  measurements 
as  low  as  0. 1  micro  inch  with  ease. 


Micro  Switch  Corporation,  Freeport,  niinoia 
BranchM:  43  E.  Ohio  Si.,  Chicago  (11)  •  11  Park  Placa,  New  York  City  (7) 
Sale*  and  Engineering  Oliices:  Boalon  •  Hartford  •  Lo«  Angeles 

The  trademark  MICRO  SWITCH  h  our  property  and  klentifies 
switches  made  by  Micro  Switch  Corporation 


How  and  For  What  Micro  Switches  Are  Used. 


This  illustration  shows 
the  use  of  two  Micro 
Switches  with  spring 
type  plungers  to  insure 
safe  positioning  of  ma> 
lerial  in  a  punch  press 
or  a  similor  tool. 


This  illustration  shows 
the  Micro  Switch  with 
a  spring  leaf  actuator 
serving  as  a  break  in¬ 
dicator  as  used  in  tex¬ 
tile  mills  or  paper  mills. 


This  ilhistration  shows  a 
Micro  Switch  with  a 
pushbutton  actuator  used 
as  a  safety  switch  in  a 
high  tension  cabinet 
door.  It  is  a  normally 
open  switch  in  which  the 
circuit  is  opened  as  the 
door  is  opened. 


This  shows  an  explosion 
proof  Micro  Switch  used 
with  a  spray  gun  which 
automatically  cuts  out 
the  entire  operation  of 
the  spraying  booth 
when  the  gun  is  shut  off. 


The  two  catalogs  illustrated  here  will  give  you  the 
complete  details— Number  60  which  covers  Micro 
Switrlies  in  general — Number  70  which  deals 
witl>.  specified  switches  for  aircraft. 


Made  Only  By  Micro  Switch  Corporation  .  .  .  Freeport,  Illinois 
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Block  diagram  oi  tho  complete  syiii 
gonoratlBg  hlgh-iroquoncy  sovud. 
power  omplifior  eappOoe  (d>out  200 
to  actuote  the  Tibrotor  bar 


With  the  driving  system  shown 
the  block  diagram,  the  power  fn 
the  oscillator  is  always  available  j 
driving  the  vibrating  bar  and, 
most  cases,  the  pickup  capaci 
changes  are  sufficient  to  provide  i 
tomatic  control  over  the  oscillal 
frequency.  With  heavy  arrHistii 
loading  the  vibrating  bar  can  %\ 
be  driven  and  supply 
power.  In  addition,  the  power  avj 
able  for  driving  the  vibrator  hag 
initial  value  equal  to  the  maxim; 
output  of  the  power  amplifier,  a 
the  vibrator  motion  will  build  up 
maximum  in  the  least  possible  tii 

Components  of  Frequency  Cordn, 
Circuit 


These  conditions  are  provided 
the  oscillator  control  circuit  sho< 
in  the  diagram.  It  consists  of  osc 
lator  VT„  voltage  amplifiers  V 
FTr,  discriminator  tube  VTf,  and  i 
actor  tube  VT».  The  oscillator  co 
sists  of  tube  VTt  and  coils  L,  and 
connected  in  a  conventional  tun 
plate  oscillator  whose  amplitude 
output  is  controlled  by  the  resisto 
connected  to  coil  Lt.  Amplifier  tii 
VT,  isolates  the  oscillator  from  i 
load  and,  for  this  purpose,  couplii 
coil  L,  is  electrostatically  shield 
from  Li  and  L,.  Tube  FT,  is  the  r 
actor  tube  which,  along  with  coil 
and  the  tuning  capacitor,  delcirnin 
the  frequency  of  the  oscillator.  T1 
control  grid  of  this  tube  receives  i 
bias  from  the  direct  voltage  pr 
duced  across  the  diode  load  n  si'to 
in  the  discriminator  circuit  Tul 
VTx  amplifies  the  input  voltage  d 
veloped  by  a  preceding  amplifier. 

The  preamplifier  converts  the  c 
pacitance  changes  of  the  pickup  ic 
a  voltage  that,  when  amplified,  fj 
nishes  the  voltage  for  the  riiscr  ;; 
ator.  The  actual  motion  of  the  v 
brator  bar  and  the  resulting  ! 
tance  changes  in  the  pickup  depei 


INSURES 

DEPENDABLE  PEREORMANCE 


Here,  reliability  is  of  paramount  importance  for  communication  gen¬ 
erators  and  transformers  must  not  fail.  The  message  must  go  through 
and  DOLPH’S  Insulating  Varnishes  are  doing  their  part  by  protecting 
these  units  under  adverse  conditions  from  the  frozen  North  to  the 
Tropics. 

Electrical  manufacturers  fully  realize  the  importance  of  dependable 
protection  w'here  electrical  units  are  operating  under  abnormal  condi¬ 
tions.  In  view  of  this  fart,  many  manufacturers  are  affording  extra  pro¬ 
tection  to  the  windings  of  their  units  by  using  DOLPH’S  Insulating 
Varnishes. 

Whether  or  not  your  needs  for  insulating  varnishes  are  large  or  small, 
it  will  be  worth  your  while  to  investigate  how  DOLPH’S  Insulating 
Varnishes  can  give  your  units  extra  protection.  There  are  no  obliga¬ 
tions — why  not  write  for  full  particulars. 


Insulating  Varnish  Specialists 

1 69-A  EMMEn  STREET  NEWARK  5,  NEW  JERSEY 
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IllSUTE  TO  AMERICA’S  RADIO  I  N  D  U  S  T  R  Y  .  .  .  W  O  R  K  I  N  G  TOGETHER  FOR  VICTORY 


)8ciIlator  col 
oils  L,  and ) 
ntional  tunl 
amplitude  i 
the  resisto 
Lmplifier  tul 
ator  from  i 
)ose,  couplii 
»lly  shield! 
VT,  is  the  r 
Ef  with  coil 
ir,  deteirnini 
scillator.  Tl 
»e  receives  i 
voltage  pc 
load  resist 
circuit  Tu 
t  voltage  d 
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RCA  Laboratories 

*  A  SERVICE  OP  RADIO  CORPORATION  OP  AMERICA 
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H0^£~aL^ocbattbePi^r 
means  a  /i/ei^bbor  Catting 


In  Axis  countries,  that  knock  mijtht  be 
(Gestapo— and  death,  if  you  had  been 
tening  to  American  news  from  Algiers 
British  news  from  London  or  the  un- 
r^ound  radio. 

In  America,  no  one  cares  if  you  listen 
enemy  stations— their  propaganda  is 
ten  go^  fof  A  hearty  laugh.  But  for* 
ibiased  war  news,  we  tune  to  our  own 
itions.  We  know  that  we  will  hear  every 
iportant  news  break  that  won’t  help 
(  enemy. 

Radio  has  done  much  to  make  Ameri- 
nsthe  best  informed  people  on  earth, 
irough  the  ingenuity  and  skill  of  Amer- 
in  t^io  manufacturers,  fine-quality 
n  have  been  brought  within  the  reach 
everyone. 

While  today  American  radio  makers 
e  devoted  solely  to  the  cause  of  Allied 
ctor),  important  new  techniques  de- 
loped  under  stress  of  war  will  bring  you 
ler  radios  and  other  electronic  products 
sen  the  war  is  won. 

Your  purchase  of  War  Bonds  will  help 
pply  American  fighting  men  with  the 
rrld's  finest  equipment. 


sin 


e«rs  in  the  field  of  Radio- Electronic 
^^rch,  RCA  Laboratories  are  proud 
the  privilege  of  serving  America’s  great 
Jio  industry  in  its  united  war  against 
e  Axis.  When  the  day  of  Victory  comes, 
A,  through  basic  research,  will  con- 
me  to  work  hand  in  hand  with  American 
anufacturers  for  better  and  more  useful 
dio  equipment  in  our  peacetime  world. 
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PAPER,  OIL  AND  ELECTROLYTIC  CAPACITORS 


INDI 
CONDENSER 

CORPORATION 

1725  W.  NORTH  AVE.,  CHICAGO,  U.  S\.  A. 


DISTRICT  OFFICES  IN  PRINCIPAL  CITIES 
QUICK  DELIVERY  FROM  DISTRIBUTOR'S  STOCKS 


Circuit  of  tho  controllod  occUlotot 
that  gonoratM  tho  proper  iroquoscr 

upon  the  acoustical  load  on  the 
brating  bar  and  var  considerHoI 
The  amplifier  must  supply  a  con^t 
output  voltage  to  the  discrinrlni 
even  though  the  voltage  from  t! 
capacitance  pickup  varies  from  5 
200  millivolts.  This  is  accomplis 
by  incorporating  an  automatic  ga 
control  circuit  in  the  preanir.li 
A  phase  shifting  network  is  also  i 
eluded  so  that  the  phase  of  the  0 
put  voltage  can  be  changed  rela 
to  the  input  voltage  by  substanti 
360  deg.  to  have  the  proper  pba? 
relation  in  the  discriminator  circ 
It  was  found  that  the  reactor  Ik' 
operated  more  effectively  when  tb 
peak  oscillator  voltage  was  less  t'n 
the  direct  voltage  on  the  reactor  tub 
plate.  Using  a  pentode  6J7  tube, 
alternating  voltage  could  equal 
plate  potential,  but  with  tetrodes  tb 
peak  voltage  could  not  exceed  ha! 
the  plate  voltage.  In  the  final  osei 
lator  circuit  a  6J7  was  used,  as  sho? 
in  the  diagram,  because  the  outp 
voltage  could  be  readily  control^ 
by  the  resistors  connected  to  coil  I 
These  were  adjusted  so  that  the 
voltage  from  the  oscillator  was  ab 
0.9  of  the  direct  plate  potential  ap 
plied  to  the  reactor  tube. 
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PROPER  DEFLECTION  - 

PRECISE  LOAD  RATINGS 
SIMPLICITY  OF  APPLICATION 


Kermartt  Marine  Engine  Mnpended  on  Lord  Tube  Form  Mountings 


OPERATION  OF  TURE  FORM  MOUNTINGS 


All  Lord  Mountings  are  designed  to  operate  on  the 
principle  of  having  the  rubber  "stressed  in  shear”  when 
load  is  applied  in  the  direction  of  the  main  axis  of  the 
mounting.  This  design  provides  the  required  softness  and 
deflection  in  the  direction  of  the  disturbing  forces,  and 
subility  or  resistance  to  movement  in  directions  normal 
to  the  major  thrusts. 

Every  Lord  Mounting  is  designed  to  have  a  definite 
static  deflection  under  its  rated  load.  Load  ratings  for  stand¬ 
ard  tube  form  mountings  range  from  a  few  pounds  to  1450 
pounds,  with  rated  deflections  ranging  from  .065  inches 
to  .123  inches  when  load  is  imposed. 


Illustrations  above  show  a  Lord  Tube  Form  Mounting 
in  the  various  positions  it  assumes  while  static  or  in  action. 

Fig.  1 — Under  no  load  (as  produced).  Note  position 
of  center  sleeve. 

Fig.  2 — Under  rated  load;  note  deflection  of  center 
sleeve.’ 

Fig.  3 — Operating  in  the  zone  of  free  shear  action 
under  normal  vibration. 

Fig.  4 — Operating  momentarily  under  sudden  shock 
load  or  in  zone  of  resonance. 


These  design  features,  plus  the  unified  control  of 
manufacture  from  raw  material  to  finished  product, 
account  for  the  remarkable  efiiciency  and  dependability 
of  Lord  Mountings. 

Lord  Tube  Form  Mountings  are  sturdy,  compact,  light 
weight  units,  and  are  designed  to  cover  a  wide  range  of 
applications  in  every  field  of  industry.  They  are  made  in 
various  styles  and  many  sizes  with  flanged  or  straight  outer 
metal  members,  and  with  snubbing  or  non-snubbing  features. 


Load  ratings  of  Tube  Form  Mountings  may  be  changed  by: 

1 —  Utilizing  rubber  compounds  of  varying  degrees 
of  stiffness. 

2 —  Increasing  length  and/or  cross-section  of  rubber 
element  and  metal  parts. 

3 —  Increasing  or  decreasing  diameter  of  center 
metal  sleeve. 


Through  proper  mounting  selection,  isolation  effi¬ 
ciencies  ranging  from  75%  to  85%  reduction  of  disturbing 
forces  may  be  expected,  although  reductions  up  to  97%  are 
not  unusual  on  equipment  operating  at  very  high  frequency. 

For  complete  information  on  Lord  Mountings  write  for 
bulletins  103  and  104  or  call  in  a  Lord  vibration  engineer  for 
consultation  on  your  design  problems.There  is  no  obligation. 


JBaek 

the  Attaek 
with 

War  Bondn 


IT  TAKtS  RUBBI*  SteOn  TO  ABSORB  VIBRATION 

LORD  MANUFACTURING  COMPANY 

ERIE,  PENNSYLVANIA 


Originators  of  Shear  Type  Bonded  Rubber  Mountings 


SALES  Rl^RESCNTATIVES 
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Plexiglas  Rule  for 
Alignment  Charts 

By  Gifford  M.  Masi 

Spveial  Training  Devices  Section 
The  Jam  Handg  Organizatir.n 
Detroit.  Mich. 

The  accompanying  illustiiation 

show  two  types  of  special  rules  de 
signed  to  simplify  and  speeci  i-alcula 
tions  with  alignment  charts  or  nomo 
grams.  The  two  rules  or  readers  in 
the  photographs  were  designed  for 
use  in  the  complex  calculationj 
called  for  by  a  project  under  way  at 
Jam  Handy. 

The  reader  is  made  from  A  inch 
Plexiglas  and  in  its  simple.^t  form 
has  a  single  transparent  pivot  wi^ 
cross  hairs  as  shown  in  Fig.  1,  it 
may  also  have  a  sliding  pivot  as  does 
the  reader  shown  in  Fig.  2. 


»  DIFFERENT 
tSf  AUO¥S  UTIIIIED 

ro  PRODUCE  ^ 

^  IVPIS 
SP  THIRMOSIATIC 
if  BIMEVAL 


o  secure  maximum  results  from  the  actu¬ 


ating  elements  of  your  temperature  responsive 
devices,  such  bimetal  elements  must  be  a  combina¬ 


tion  of  alloys,  each  chosen  for  its  specihc  proper¬ 
ties  . . .  shaped  to  most  efficiently  produce  desired 
movement . . .  and  of  a  size  large  enough 
to  give  required  action,  yet  not  waste 
precious  space.  To  help  meet  the  many 
customer  problems  Chace  utilizes  25 
differenjt^^^|Ays  to  produce  35  different 
types  df^^ermostatic  Bimetals. 


Fig.  1 — A  PIvziglas  ml*  having  a  linglt 
troBiparnnl  ptrot  with  croM  hoin  ip«edi 
up  rnading  of  olignmont  charts 


Chace  Thermostatic  Bimetals  are  today 
being  used  as  the  actuating  elemirots  in 
vital  control  instruments  for  aircraft. 


The  simplest  and  most  common 
nomogram  is  a  three-scale  chart, 
solving  an  equation  in  three  varia* 
hies,  the  values  of  any  one  of  which 
may  be  read  from  it  if  the  other 
two  are  known. 

The  usual  method  of  reading  such 
a  monogram  is  to  place  a  ruler 
against  the  known  value  of  the  first 
variable,  rotate  it  until  it  crosses  the 
known  value  of  the  second  variable, 
and  read  the  desired  answer  where 
the  ruler  crosses  the  third  scale.  In 
lining  up  the  ruler  with  the  second 
scale  setting,  however,  it  generally 
becomes  displaced  from  the  first  one, 
so  that  several  adjustments  have  to 
be  made  before  an  accurate  reading 
can  be  taken. 

For  use  with  this  type  of  chart, 
a  reader  having  only  one  pivot  is 
used,  as  shown  in  Fig.  1.  The  cross 
hairs  of  the  pivot  are  set  on  the 
known  value  of  the  first  variable 


tanks,  trucks,  cars,  jeeps  and  other  war¬ 
time  produas  that  call  for  positive,  depend¬ 
able  movement. 


You  may  purchase  Chace  Thermostatic  Bimetal 
in  shapes,  strips  or  in  assemblies  with  terminals 
attached.  Data  sheets  and  engineering  assistance 
cheerfully  furnished  on  request. 


Thermostatic  Bimetals  and  Special  Alloys 

1630  BtARD  AVi  •  DCTROfT  9,  MICH. 


ELECTRONICS 


November  1943 


ASl 

Seri, 

••ti  n 

•USTIOVTIC-;. 

rules  d-. 

®®d  oaloiji* 
or 

•  re.iders  in 
^signed  fc- 

calf  jlat;.  -; 

ider  Way 

om  A  incli 
»Ple.«t  form 

pivot  with 
Fig.  1.  It 
ivot  as  do€s 
2. 


lag  a  daglt 
^oira  ipemii 
chorti 


it  common 
Ale  chart, 
iree  varia« 
e  of  which 
the  other 

ading  such 
e  a  ruler 
3f  the  first 
crosses  the 
d  variable, 
wer  where 
I  scale.  In 
the  second 
;  generally 
e  first  one, 
its  have  to 
te  reading 

>  of  chart, 
e  pivot  is 
The  cross 
let  on  the 
it  variable 

[RONICS 


ectronics 


Ihe  ^een 


This  company,  like  many  others  in  the 
electronic  industry,  is  busy  twenty-four 
hours  a  day,  seven  days  a  week  making 
war  products  —  mpre  and  more,  better 
and  better  to  help  win  the  war  quickly. 
We  are  too  busy  to  worry  about  post¬ 
war  products  just  yet.  We  realize  the 
great,  important  role  radio  and  other 


electronics  will  ploy  in  the  moderniza¬ 
tion  of  communication  systems  postwar. 

Out  of  the  laboratories  of  war  will 
come  electronic  improvements  applic¬ 
able  to  every  American  home,  in  every 
city  in  194V.  But  plans  for  the  moderni¬ 
zation  of  your  city  of  tomorrow  must 
wait  until  the  war  is  won  today. 


H  udson  A 


mencan 


ManufactufTB  of  Ehctronic  and  Radio  Device* 

23  WEST  43  ST.  •  NEW  YORK  CITY 

ACK  THE  ATTACK!  BUY  MORE  WAR  BONDS! 
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to  24"  panols  machined  and 
engraved  to  specifications 

PLASTIC  PARTS  .  .  . 

From  sheets  and  rods  to  any 
specification 


Housed  within  four  daylit 
floors  is  a  modernly  equipped 
tool  and  die  shop,  and  every 
facility  for  fabrication  from 
raw  stock  to  shining  finished 
product  of  such  items  as: 

METAL  STAMPINGS  .  .  . 

Chassis,  radio  parts,  cans,  and 
special  stampings  to  specifica¬ 
tions 

MACHINE  WORK  .  .  . 

Turret  lathe,  automatic  screw 
machine  parts  and  products 
from  bar  stock  to  castings 

LAMINATIONS  .  .  . 

Scrapless  E  &  I  type  ranging 
from  ’A"  to  1  core  size. 
Many  other  types  and  sizes. 
Laminations  made  to  your  spe¬ 
cifications 

PANEL  BOARDS  .  .  . 

u.. _ i _ 


MECHANICAL 
INSTRUMENTS  .  .  . 

Line  production  checking 
equipment,  jigs  and  tools 

ELECTRICAL 
INSTRUMENTS  .  .  . 

Switch  boxs,  lighting  fixtures, 
etc. 


OUR  ENGINEERING  DEPARTMENT  WILL  COOPERATE  IN  THE 
DEVELOPMENT  OF  ANY  SPECIAL  ITEM  TO  MEET  YOUR 
REQUIREMENTS. 


7(/c  Met 


WILLOR 

MANUFACTURING  CORP. 

7  9  4  East  140th  Street,  New  York  54.  N.  Y. 


and  a  finger  placed  firm  y 
pivot.  The  rule  may  then  be 
freely  until  its  index  line  Leg 
known  value  of  the  second  \ 
without  any  chance  of  tht  rule 
coming  displaced  from  its  first 
ting.  The  answer  is  then  i  i  ad  wh 
the  index  line  crosses  the  third  sci 
The  transparent  pivot  -nakeg 
possible  to  accurately  locate  the  fi 
setting  and  maintain  it  while 
the  second.  The  index  lint* 
more  accurate  reading  and  tnterp.^ 
tion  than  does  a  ruler,  bee.  jse  the 
is  no  obstacle  to  vision.  Parallax 
eliminated  by  having  the  index  li 
etched  on  the  lower  surface  of  t 
Plexiglas  rule. 
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JACK  GRAND 
St.,  N.Y, 


CHAS.  B  SARGEA^ 
Asstmttt 
,0M«^k.ySt..N.Y.C. 


J.  D.  RYERSON 
UKrlmgamt  Aisttimitt 
10  Murray  St.,  N.Y.  C. 


ALFRED  CROSSLEY 


HARRY  HAUNTON 
Alfrtd  Cr*ttUy 
)49  W.  Randolph  Street 


to  the  third  known  value.  The  ^ 
sired  answer  may  then  be  re  .d  wher 
the  index  line  crosses  the  scale  of  ti 
unknown. 

The  charts  illustrated  are  made  ( 
Plasticele  instead  of  graph  paper  aj 
may  be  of  interest  to  designers  as 
users  of  nomograms.  Pla.-;ticele 
undistorted  by  humidity,  withstan( 
hard  usage,  and  does  not  .nark  i 
soil  easily.  If,  soiled  it  can  I 
cleaned  with  a  moist  cloth,  n 
scales  are  inked  on  the  reverse  gji 
to  prevent  abrasion.  To  facilita 
plotting  the  scales  in  pencil  .ind  in 
ing  them,  sheets  with  one  frost 
side  are  used. 


Ingenious  New 

Technical  Methods 

Presented  in  the  hope  that  they  will 
prove  interesting  and  useful  to  you. 


Line  Voltage  in  Middle  West 
and  South 

By  Charles  H.  Humes,  Sales  Enginm 

Sola  Electric  CotnpnHn 

The  extent  of  voltage  variation  t( 
be  expected  on  commercial  and  indih 
trial  supply  lines  is  not  generaBj 
appreciated  by  design  engineers.  Ai 
a  consequence,  the  all-important  fac 
tor  of  line  voltage  stability  is  fre 
quently  overlooked  in  the  design  am 
manufacture  of  electrically  operated 
devices. 

This  oversight  probably  derivei 
from  the  fact  that  much  of  the  elec¬ 
tronic  equipment  made  in  the  past 
did  not  require  close  voltage  con¬ 
trol.  Changes  in  operation  whiet 
resulted  from  changes  in  supply 
voltage  were  of  little  significance  ii 
relation  to  over-all  performance.  A 
home  radio  receiver  would  still  de¬ 
liver  music,  whether  the  line  voltafre 
was  106  volts  or  125  volts.  In  one 
case  you  just  cranked  up  the  gain, 
and  in  the  other  you  simply  replaced 
tubes  and  capacitors  more  frequently. 

With  the  advance  of  the  electronic 
art,  however,  has  come  a  new  concept 
of  performance  in  electrical  equip¬ 
ment.  Electronic  devices  are  now 
being  required  to  perform  actual 
miracles  of  precision — ^miracles  which 
become  possible  only  when  the  com¬ 
ponents  and  the  individual  functions 
of  the  device  can  be  controlled  to 
perfection.  The  greater  the  preci¬ 
sion  demanded,  the  closer  the  contrd 
required.  It  is  at  this  point  that 
attention  to  the  regulation  of  supply 
voltages  becomes  mandatory,  and  » 
knowledge  of  what  line  voltage  varia-i 
tions  actually  exist  should  be  of 


Molten  Metal  Sprayed  on  Wood 
Patterns  Prolongs  Their  Life 


Molten  metal  sprayed  on  wood 
foundry  patterns  by  a  compressed  air 
gun  provides  a  protective  coating 
against  sand  wear  on  the  hnished  sur¬ 
faces,  thereby  prolonging  the  life  of  the 
pattern  and  eliminating  costly  repairs. 

The  metal  may  be  sprayed  directly 
on  the  untreated  wood  surface  of  the 
pattern  or  core  box.  If  the  wood  sur¬ 
faces  are  hard  or  close-grained,  a  shellac 
primer  is  first  applied,  the  metal  being 
sprayed  on  before  the  shellac  dries.  The 
thickness  of  the  metal  coating  is^bout 
5  thousandths  of  an  inch. 

The  spraying  equipment  consists 
of  a  portable,  self-contained  gun-type 
sprayer  which  melts  the  metal  and  is 
thermostatically  controlled. 

We  hope  this  has  proved  interest¬ 
ing  and  useful  to  you,  just  as  Wrigley’s 
Spearmint  Gum  is  proving  useful  to 
millions  of  people  working  everywhere 
for  Victory. 

You  can  get  complete  information  about  this 
method  from  Alloy  Sprayer  Company,  2039 
Book  Building,  Detroit,  Michigan. 


This  wooden  pottem 
cooled  with  sprayed 
metal,  has  given 
service  far  beyond 
its  normal  life. 


Fine  detail  easily 
recorded  in  the  alloy 
sprayed  onto  pattern. 
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New  Motorola  Eloctronlcs  Enginoering  Building 


Another  great  industry  stands  at  America’s  threshold  .  .  .  and  American  courage,  ingenuity  and 
scientific  talents  are  ready.  The  new  wonders  of  the  Electronic  Age  stand  ready  to  be  revealed  to  an 
eager  and  waiting  world. 

.  .  .  WITH  THE  COURAGE  OF  PIONEERS 


Motorola  Engineers  have  faced  and  solved  many  important  problems  in  Electronic  research  and  de¬ 
velopment  demanded  by  the  emergency  of  war  .  .  .  and  when  the  time  comes,  this  same  tempered 
and  tested  brain  and  brawn  will  be  quickly  converted  to  the  needs  of  peacetime.  Victorious  America. 


fou  May  Expect  Important  Electronic  Contributions  from  Motorola  Engineers*  They're  in  the  Making! 


The  Army-Navy  E  and 
added  Star  for  excellence 
..  production  of  Communication 
quipnent  for  our  Armed  Forces. 


JicMcdi ‘  ° 

GALVIN 


FOR  HOME  &  CAR 


MFC.  CORPORATION  •  CHICAGO,  ILLINOIS 


S^^CtWHiCi ... 

A  CHILD  WITH  A  BIG  FUTURE 


Just  a  springboard  to  start  soma  pencil 
doodlin'  among  engineers  who  have  a  yen 
for  the  sea  —  and  the  problems  of  com¬ 
munications  that  are  present .  . .  weather, 
distance  and  lack  of  other  facilities  for 
transmission  of  thoughts  and  orders. 

Operators  of  tug  and  transport  fleets 
will  have  access  to  this  type  of  HARVEY- 
WELLS  communications  equipment  after 
the  peace. 


lations  were  selected,  more  or  lev 
at  random,  from  approximately  loi 
available  in  the  middle  west  a: 
south.  At  each  installation  a  recv  1 
ing  voltmeter  was  installed  at  tl 
site  of  the  equipment  without  di; 
turbing  or  altering  normal  oi)frA 
tions,  and  allowed  to  record  the  of'er 
ating  line  voltage  over  a  period  c: 
at  least  several  hours.  The  ■ 
employed  was  an  Esterline 
Recording  Meter,  and  was  cnlihratr 
at  each  test  against  a  laboratur 
standard. 

Results  of  the  survey  were  rathei 
startling.  At  16  of  the  18  loca 
tions  examined,  line  voltage  extendef 
beyond  one  or  both  limits  over  appra 


in  some  or  your 

"Tablecloth  doodlin's**? 


mVIY-WBLLS 

,it%wmHic4itUtU  me. 


HEADQUARTERS 

For  Sftttuilizttl  Km/i'o  Commuiiifalioms  EfuipmaH 
SOUTH  BRIDGE,  HASS. 


Fig.  l-^Voltage  voriotloa  curvM 
•red  os  indicating  overag*  coi 
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^mc^ican  f^jRaetic  ^^ne. 

476  BROADWAY  •  NEW  YORK  13,  N.  Y. 
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Just  ahead,  in  the  great  adventure  of  science, 
lie  many  discoveries  that  will  serve  mankind. 

Upon  such  discoveries,  Sperti,  Inc.  has  been 
built. 

For  Sperti  is  more  than  the  manufacturer  of 
SUS  LAMPS,  IRRADIATION  LAMPS,  FLUO¬ 
RESCENT  LIGHTING,  MEAT  TENDERIZERS  and 
the  much-publicized  BIO-DYNE  OINTMENT. 

It  is  more  than  the  maker  of  SPERTPS  ELEC¬ 
TRONIC  DEVICES  and  NAVIGATION  INSTRU¬ 
MENTS. 

Beyond  Sperti  there  are  laboratories  devoted 
to  pure  scientific  research,  staffed  by  scientists 
wholly  devoted  to  exploring  new  fields  of 
knowledge. 

Many  of  their  studies  yield  results  which  have 
immediate  practical  application. 

Sperti,  Inc.  exists  to  make  these  practical 
discoveries  available. 

Even  now,  though  almost  wholly  occupied 
with  war  work.  Sperti  may  have  an  advance¬ 
ment  applicable  to  your  business. 

And  just  ahead  may  lie  other  discoveries  of 
vital  importance  to  you. 

It  will  pay  you  to  consult  Sperti  now — as  you 
plan  your  postwar  products. 


Fig.  2 — CuTTM  oi  •xtrani*  ToriotioM 
tin*  Yoltag*  often  oncoontarad 

A  particularly  interesting  i 
tion  is  exhibited  in  the  tracing 
Fig.  3,  which  illustrates  vividlv 
danger  of  basing  estimates  of 
variation  on  the  results  of 
time  or  periodic  voltage  n 
The  voltage  at  this  location 
remain  relatively  stable  for  exi 
periods  after  which  violent 
rapid  fluctuations  would  occur.  1 
extent  of  these  fluctuations  was 
doubtedly  greater  than  is  indica 
by  the  tracing,  for  the  rapi 
of  their  occurrence  was  such  that 
damping  of  the  meter  pen  became 
limiting  factor.  Furthermore,  * 
effect  of  these  fluctuations  upon 


L  ,  .  r*. 


Fig.  3 — In  on*  location  iho  voltag* 
mained  itoblo  lor  long  poriods  betwi 
intorraU  of  rapid  fluctuation! 
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ciable  periods  of  time,  in 
cases,  the  line  voltage  rer 
fairly  stable  during  the  t  -  st  j 
but  was  above  or  below  the  sp< 
tion  limits.  In  other  casts,  the 
age  actually  varied  far 
either  one  or  even  both  limits 

Graphical  Data 

The  tracings  shown  in  Fig.  i 
representative  of  average  oonditi' 
encountered.  Conditions  that  i 
considered  to  be  extreme,  alth 
by  no  means  unusual,  are  shown 
Fig.  2. 
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lie  tracing 
B8  vividly 
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{Mriods 

nuctuotioni 


ECTROM 


i/Uhen  win 


txftpt  from  "A  Spcckrf  ff*porf  o»  Arnmrha't 
Indottrial  futon"  by  Tbo  Konanb  ioatityt* 
of  Amofka.  If 


0 

If  At  th«  •nd  of  the  twelve-month jwrod  (July  1 944),  large 
Qareof  of  slowing  down  and  oejfln  cessation  in  war-manu¬ 
facture  will  be  appearing^^n  will  be  a  critical  period  for 

mony  companies  .  ^IT  IS  TtiE  PERIOD  TOWARD  WHICH 

-JPHIr  executive  thinking  and  planning 


HtSMETICALLY  SEALED  TRANSFORME8S 
Cm  aim  or  ki^k  v«c«*vm  impro^otod.  Swih  lo  witkitond 
Ih«Ii  altitodM  ood  tropical  om.  Modoni  com  doclpo  in 
rtcHMiarcl  tiMc. 

Otfcor  prodocfs  mono/ottyrod  inclvdo: 
ElKTRONK  CONTROLS  •  VACUUM  TUUS  OF  STANDARD 
AND  SPECIAL  TYPES  •  HYDRAULIC  SERVOS 
ELEOkOMECHANICAL  DEVICES 


SHOULD  NOW  BE  DIRECTED 


•  Of  this  you  con  be  sure:  Many  business  and  industrial 
organizations  are  losing  no  time  in  preparing  for  a  head¬ 
start  in  the  competitive  postwar  market.  They  are  planning 
and  designing  new  ways  to  make  better  products,  faster 
and  cheaper  . . .  through  the  use  of  Electronics. 

I 

For  assistance  in  your  planning.  General  Electronics  Indus¬ 
tries  offers  the  research  engineering  skill  and  specialized 
experience  that  have  met  the  exacting  tests  of  war  with 
great  achievements  in  the  fields  of  Electronics,  Hydraulics 
and  Electromechanics.  And  further.  General  Electronics 
Industries  has  the  facilities,  equipment  and  personnel  to 
meet  your  requirements  with  speed  and  efficiency. 

Write  to  Engineering  Department,  General  Electronics  In¬ 
dustries,  342  West  Putnam  Avenue,  Greenwich,  Connecticut. 
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INDUSTRIES 

Dimion  of  Aufo-Ordnatice  Corporation 


I  *  ’!« 


A 


Fig.  4 — ^Voltag*  on  a  ipodol  line  fjoa  , 
distribution  transiormor  with  no  other  Icq.^ 
▼oriod  only  a  fow  Toils 


equiplnent  under  observation 
pronounced. 

Tsrpical  of  the  best  conditions  er. 
countered  in  the  survey  is  the  trac^ 
ing  shown  in  Fig.  4.  Voltage  a: 
this  location  varied  only  six  volti 
during  the  complete  test  peri-l 
However,  it  is  interesting  to  no*e 
that  in  this  particular  case  the 
equipment  under  test  was  suppl;^’ 
by  a  special  line  from  a  distribution 
transformer  which  carried  no  loa^ 
other  than  that  of  the  equipirf?: 
itself. 

Moral 

The  upshot  of  this  particular  sur- 
of  course, 


DRY  VACUUM  PUMPS 


While  at  the  19th  Exposition  of  Chemical  Industries  in  Madison 
Square  Garden,  see  the  KINNEY  High  Vacuum  Pumps  now 
widely  used  in  the  production  of  magnesium,  the  sintering  of 
tantalum  and  in  many  other  fields  vital  to  the  Nation's  war  effort. 
KINNEY  Dry  Vacuum  Pumps,  both  Single  Stage  and  Compound, 
will  be  on  display  at  Booth  No.  414 — the  Compound  pump  will 
be  in  operation. 

Be  sure  to  visit  us  at  the  KINNEY  booth  and  let’s  discuss  your 
vacuum  problems. 


a  decision  t) 


vey  was, 
build  into  the  equipment  a  voltage 
regulating  transformer  that  wou!: 
eliminate  all  possibility  of  damage  or 
faulty  operation  resulting  from  lire 
voltage  variations.  In  this  partic:- 
lar  case,  since  the  equipment  is  usci 
abroad  as  well  as  domestically,  a  cc: 
stant-voltage  transformer  was  se^ 
lected  which  could  be  connected  f ' 
operation  on  either  50  or  60  cycle 
supply,  and  on  lines  rated  at  115, 
208,  230  or  250  volts.  A  simple  solu¬ 
tion  to  an  otherwise  troublesiK 
problem. 

It  seems  to  us  that  there  is  a 
lesson  for  every  electronic  engineer 
to  be  found  in  the  survey  repoittl 
here — the  lesson  that  line  voltag 
can  no  longer  be  considered  as  i 
single,  stable  reference  point  for  de 
sign  considerations;  that  “Line  Volt 
age  115  Volts”  may  mean  anythh; 
between  95  and  125  volts,  and  tha 
the  devices  being  designed  now,  a 
well  as  those  being  designed  for  thi 
future,  must  take  those  facts  in* 
onsideration.  It  is  no  longer  enoui' 
to  design  equipment  for  operati ' 
on  a  specific  supply  voltage.  Tha: 
voltage  must  be  built  into  the  equi: 
ment.  Without  it  there  is  troubj 
ahead.  I 


Single  Stage  Dry  Vacuum  Pumps 

Eight  sizes,  from  12  to  680  cubic  feet.lfor  racuiims 
.01  m/m  or  better. 


Compound  Dry  Vacuum  Pumps 
Two  sizes.  15  to  46  jcubic  feet,  for  vscuums  of 
.0006  m/m  or  better. 


Descriptive  Bulletin  18  on  request. 

We  also  manufacture  liquid  pumps — plain  patterns  and  steam  jacketed, 
strainers,  clutches  and  cut-off  couplings. 


3565  WASHINGTON  ST„  JAMAICA  PLAIN.  lOSTON,  MASS. 
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is  eleclnnics 


TTERE  in  gla88  and  metal,  is  the  control  of  the  world^s  greatest  force . .  • 
the  electron.  Here  is  man’s  eye  to  see  through  solids  and  beyond  hori¬ 
zons  ...  to  make  audible  to  his  ear  sounds  he  otherwise  could  not  hear  .  .  . 
his  voice  to  make  himself  heard  around  the  world  .  .  .  his  mastery  of  time, 
temperature  and  motion.  This  is  the  electronic  tube  .  .  .  the  heart,  the  soul, 
the  brain  of  every  electronic  device.* 

For  years,  TUNG-SOL  has  specialized  in  the  manufacture  of  electronic  tubes. 
TUNG-SOL  engineers  have  contributed  much  to  the  greater  dependability 
of  tubes  we  use  today.  Their  close  association  with  the  electronic  develop¬ 
ments  of  war  has  prepared  them  for  the  electronics  of  peace.  TUNGUSOL 
invites  everyone  whose  future  products  will  be  electronic  or  electronically 
controlled  to  take  advantage  of  the  TUNG-SOL  Research  and  Advisory  Ser¬ 
vice.  It  is  at  your  disposal . . .  now. 


% 


TUHGSOL 

ELECTRONIC  TUBES 


TUNG-SOL  LAMP  WORKS,  INC.,  NEWARK,  NEW  JERSEY 

SaUt  OHiftt  ATLANTA,  CHICAGO,  DALLAS,  DENVER,  DETROIT,  LOS  ANGELES,  NEW  YORK 
manufacturers  of  miniature  incandescent  LAMPS,  ALL-GLASS  SEALED  BEAM  HEADLIGHT  LAMPS  AND  CURRENT  INTERMIHERS 
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Longitudinal  Quartz 
Vibrations 

The  properties  of  longitudinally 
dilating  quartz  plates  and  bars 
particular  reference  to  their  app 
tion  as  oscillators  and  resonatort, 
reported  by  R.  Bechmann 
Hochf  :tech.  u.  Elek:akux.  foj  j, 
ary,  1943,  abstracted  in  Win 
Engineer  for  August,  1943.  Tht 
port‘d  contains  six  sections  and 
scribes  measured  results  ibtainei 
ilnetl^s  improved  over  those  p 
lously  used  by  the  author. 

Investigations  on  the  Innjrjtmj 
vibrations  of  quartz  plates  and  i 
go  back  to  the  early  days  of  the  i» 
electric  resonator.  The  propertia 
thin  longitudinally-vibrating  pii 
are  determined  by  two  dimensii 
so  that  the  diversity  of  the  ph( 
mena  is  considerably  greater  t 
with  the  transverse  vibrations,  wii 
properties  depend  to  a  great  exi 
on  one  dimension  only,  the  influe 
of  the  two  other  dimensions  be 
only  allowed  for  as  a  correction. ' 
region  of  applicability  of  longitui 
ally-vibrating  plates  and  bars  can 
put  at  50  to  300  kc,  though  actsi 
these  vibrations  can  be  used  up 
400  kc  and  over.  The  limits  are  fl 
ible  and  depend  on  the  properties 
manded. 


"STRIACOLOR"  Extrusions 

’’STRIACOLOR”  is  a  new  and  exclusive  CARTER  development  in  the 
simultaneous  plastic  extrusion  of  two  or  more  colors.  These  colors  are 
an  integral  part  of  the  extrusion  and  are  as  permanent  as  the  body  of 
the  extrusion  itself.  Aging  and  constant  exposure  to  light  will  not 
cause  these  plastics  to  deteriorate.  This  new  process  makes  possible 
new  applications  for  many  purposes. 


"STRIATUBE" 

Plastic  Flexible  Tubing 

"STRIATUBE”  plastic  tubing,  either  rigid  or  flexible,  with  one  or  more 
color  lines  extruded  into  the  body  of  the  tubing,  is  especially  adapted 
for  electrical  insulation  or  other  purposes  where  easy  identification  is 
essential.  Either  opaque  or  transparent  tubing  can  be  furnished  with 
one  or  more  contrasting  color  stripes  in  combinations  of  your  own 
selection.  Has  excellent  insulating  and  non-oxydizing  properties. 
Highly  resistant  to  adds,  alkalies,  oils  and  greases.  Can  be  furnished 
in  a  wide  variety  of  sizes,  lengths,  thicknesses  and  degrees  of 
flexibilin’. 


STRIAMOLD"  Plastic  Molding 


Frequency  Law 

The  report  begins  with  the  c  r,: 
eration  of  bars  and  plates  of 
X*o®,^  cut.  A  simple  way  of  orier.; 
the  bar  is  provided,  which  is  of  pi 
tical  use  particularly  when  the  mi 
rial  lacks  the  natural  faces  r  and 
The  numerical  data  given  were 
rived  from  bars  and  plates  sputtc 
with  a  thin  film  of  silver.  Thin  b 
are  first  considered :  for  longitudi 
oscillations  they  have  the  frequei 
formula  N  =  vl  —  "her! 

is  the  oscillation  coefficient,  v  the 
tural  frequency,  I  the  bar  lengt! 
the  density  of  the  material,  and 
the  elasticity  modulus  for  the  a 
in  the  direction. 

For  plates  or  wider  bars  the ! 
quency  law  has  to  be  extended: 
keeps  its  form,  but  s'„  is  u  placed 
an  elasticity  coefficient  (derived  :r 
more  general  considerations)  "h 
for  thin  rectangular  plates  is  ( 
culated  as  the  root  of  a  cubic  eg 
tion  representing  the  interactia 
the  two  longitudinal  vibrations  i 
the  shear  vibration.  Also  as  Mi 
found,  a  coupling  between  this 


"STRIAMOLD”  plastic  moldings,  with  decorative  stripes  extruded  into 
the  body  of  the  molding,  are  of  special  interest  to  architects,  furniture 
designers,  automobile  manufacturers  and  producers  of  various  special¬ 
ties.  Contrasting  stripes  can  be  of  any  color  or  combination  of  colors 
desired. 

Besides  flexible  or  rigid  tubing  and  decorative  molding,  CARTER  is 
equipped  to  produce  a  practically  unlimited  variety  of  continuous 
extruded  lengths  in  standard  and  special  shapes.  For  immediate  or  post 
war  purjKJses,  you  will  do  well  to  consult  CARTER  on  your  plastic 
problems.  \\  rite  for  Bulletin  300. 


6921  CARNEGIE  AVE.,  CLEVELAND  3,  OHIO 
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THE  BEAD  CHAIN  MANUFACTURING  COMPANY 

MOUNTAIN  GROVE  and  STATE  STREETS,  BRIDGEPORT  5  CONNECTICUT 
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^rap  IS  waste.  Its  cost  in  metal  and  the  cost  to  make  it  are  Inirilens  in 
ihe  price  of  the  finished  product. 

Scrap  is  practically  eliminated  in  the  BEAD  CHAIN  MULTI-SWAGE 
PR(K]KSS.  Small  metal  parts,  tubular  and  solid  are  swagecl  from  flat 
stuck  or  wire.  No  machining  and  drilling  are  required.  Hence,  there 
is  nu  waste  from  cutting  down  from  the  larger  section  of  a  part,  or 
hollowing  out  a  core.  Besides  producing  parts  more  economically, 
MLLTI-SWAGE  conserves  vitally  needed  metals. 

Right  now,  all  MULTI-SWAGE  facilities  are  on  war  work.  But  our 
Research  and  Development  Division  will  gladly  help  y«>u  with  your 
plans  for  post-war  prmlucts. 


rAea«  are  typical  4CE 

productM,  Mott  of  the  electronic  tube 
contactt  used  today  are  made  by 
MVtTt'SW’4GE,  ThiM  procen.%  mill  turn 
umt  large  volume  speedily,  while  main* 
taining  close  toleramce->  accurately* 


✓ 


MOST  ECONOMICAL  METHOD  OF  PRODUCING  SMALL 


Literally  "running  interfer¬ 
ence"  through  the  ether .  . . 
insuring  a  clear  path  for  the 
one  Signal  which  directs  the 
safe  landing  of  an  airplane 
underthe  most  adverse  con¬ 
ditions  .  .  .  that  is  just  one 
of  the  scientific  miracles 
possible  today  because  of 

FILTERS 

h 


ter  Lvibration  and  the  s>.  cond  | 
monic  of  the  flexural  TiV  ration 
curs,  through  which  the  1  agihj^ 
natural  oscillation  isdisturbedtr> 
a  small  range  of  the  ratio  bread 
length.  The  remainder  of  aecfi 
deals  with  the  temperature 
cients  and  equivalent  ind  ictanee 
these  plates  or  wide  bars. 

^  Square  and  Cireular  Platet 

Section  II  considers,  on  si 
lines,  plates  of  Y«,  ^  cut,  partic 
square  plates  where  ^  is  0^  and 
and  circular  plates  Ys,  for  all 
of  which  the  frequency  law  U  gj 
The  specially  important  cases  w 
«  =  38“  and  128“  (or  127“:  “DT 
and  “CT  cut,”  in  the  square  versi 
are  given  particular  attention.  As 
section  I,  the  equivalent  induct 
resistance  and  damping  are  co: 
ered  for  the  three  tsrpes  of  plate.  F 
ticularly  with  square  plates  ' 
tj/  =  0  and  with  round  plates, 
monic  vibrations  occur  whose  m 
lation  coefficients  N  plotted  as  a  fu 
tion  of  ^  show  a  course  similar 
that  of  the  fundamental  oscillal 
For  special  orientations  these 
monies  also  show  small  temperar 
coefficients  of  frequency. 

Section  III  deals  with  the  rectmir 
lar  plate  of  Ki4i*  w  cut,  which  f 
an  edge  ratio  ~of  0.863  has  a  f: 
quency  independent  of  ft^mptro. 
over  a  wide  range  (Mason’s  \ 
cut) .  Section  IV  deals  with  the 
cular  plate  X8,  which  around  1 
40“  and  50“  had  been  found  to  ha 
small  temperature  coefficients.  I 
new,  more  accurate  mea.surent 
show  that  for  N  =  2495  kc/mm 
temperature  coefficient  becomes  va 
ishing  small  at  <  =  41“,  and  at! 
49“  in  the  case  where  N  =  3315 
mm.  Square  plates  Xt,  •*  also 
null-points.  Both  these  plates  ha 
other  oscillations,  easily  excited,  cl 
at  hand,  and  are  therefore  of  li 
practical  importance. 

Effect  of  Silver  Film  on  Crystal 

Section  V  discusses  the  holi 
for  longitudinally  vibrating  pi-* 
and  bars,  and  the  effect  of  the  sil  i 
layers,  as  employed  by  Tikf ^ 
on  the  electrical  properties  of 
crystal.  The  values  given  in 
earlier  sections  were  obtained  ^ 
thin  sputtered  films;  sintered 
films  lowered  the  frequency  by 
amount  roughly  proportional  to  t 
ratio  of  the  layer  *  thickness  to 
plate  thickness.  In  some  cases  i 
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^  Ml  or»t  dry  out,  crock  or  now. 
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7.  Thin,  tough,  mecnomt  7 
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4.  Asbestos  fillers 
smooth  surface,  add 
sistance  and  mechanic 

5.  A  cotton  yarn  braic 
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,H  ROCRBfSW  PennoneiilW 

ahi-condocjorwj 


SOLVES 

space,  weight  and 

dielectric  requirements 
in  electronic  and  com- 
;  niunicdtions  equipment 


V  ,,77  3  .corductor  No 


26  AWG  Rockbesios 


rConductorWirc 


rmno  hookup  VnRt 

gOCKBCSTOS  RREHIWI- 

L,  wei#tt,  sim))  di«t"<'*r,  C.A.A., 

p,*  1937,  •ppro''*®  iosM'Ufif***' 

\  ^*'*S*»inc*  I®  *ircr«H  I  **  your  wiring  roguiromontt  in  oloctrenic  or  communiccrtions  oquip- 

1  '*4  AWG,  TOGO  volt,  •  1  mont  coil  for  a  mwHi-conductor  wiro  thof  i«  unutuoliy  small  in 

1  *  nus  50“  C.  *V*onitructed  •»  'n  i*'®*  '  “*  |  diamotor,  light  in  woight,  and  rosistont  to  hoot,  flomo,  moisturo,  oil, 

1  %  «nd  TO  AWG  3000  constructions.  1  grooso  or  gosolino,  thon  look  into  Iho  pormanonHy  insulotod  Rock- 

I  tion.  Also  «vil«s"*  "  I  bostes  3-cenductor  No.  26  AWG  wiro  shown  obevo.  Dosignod  for 

1  I  boeawso  throo  No.  22  AWO  singlo  conductor 

—  -.ornq  type  CA  l»D  WRt  aircraft  circuit  wiros  prevod  far  toe  bulky,  it  camo  claso  to  “tho 

I  ROCKBCSTOS  rctHtance  for  uK  |  impossiblo”,  requiring  thin-wull  insulating  of  dolicoto  conductors, 

I  j.  4i.l»ctric  strength  •®'*j  (sj®.  20to8  Awo  !  cabling  wHb  oquolly  wispy  flllors,  and  an  abrasion  and  moisturo 

b,.id.  H«. win. a...i... 

1  •  solid  or  str ended  cW^  ^^f,ou$thicVn«^^  coding  I  Tbo  wiro  corrios  throo  No.  26  AWO  conductors,  porfoctly  and 

1  suleted  *  ),  bteck.  white  or  co  or  1  pormanonHy  contorod  in  tho  thinnest  possible  wall  of  insuloHon, 

I  Mbestos  finishe  I  honco  Iho  tope  construction. 

1  ****^^*^*1^^— I  **  **  ******  *"  ^•*®***'  t^®t*"dod  with  flllors,  cevorod  with  a  smooth, 

I  1^  ican  WIRK  I  abrusion-rosisHng,  lacquorod  coHon  braid,  and  is  mechanically 

as  each  component  lends  strength  to  tho  complotod 
I  «  the  Type  ^  ielt^  1  assembly. 

1  In  seae  sires  either  .031  or  ^  j,,  crscW  I  H  is  mode  to  a  nominal  diamotor  of  .125"  (smaller  than  a  No.  14 

1  sbove,  '•'*“!*,**  ^  vi^ite  or  colors.  Jnder  contsct  J  AWO  singlo  conductor  Reckbostes  Firewall  Radio  Hookup  Wire). 

I  esbeswl"  vjbretion,  rot,  swell  ^  1  Although  dosignod  for  low  voltago  service  H  has  sufficionf 

1  i**or*9'****'  “*'**  *'**  *****  1  dioloctrle  strength  to  bo  rated  ot  250  voHs  A.C.  or  D.C. 

1  ^  I  iiiiil'i  ’  1  ^'***  **  **  *  pormonont,  dopondoblo  construction  capoMo  of 

I  iji^xLL^alwiiqlli^nillKsll'  **  'I  |||^  I  oporoHng  at  tomporoturos  ranging  from  125°  C.  all  tho  way  down 

1  mswMBWrPII*®**  f-niiTPOL  C.,  end  has  ossontiol  rosistonco  to  flame,  moisture,  oil, 

'mCKBESTOS  THERIWSTAT  COHI'w*-  1  grooso  and  gasoline,  as  well. 

1  omI  et'd  *'^°  I  ^****  *"**  Htoso  shown  to  Iho  loft  or#  but  a  tow  of  tho  Reckboslos 

I  For  low  volu^  *Siies  1^-  r  (for  115  I  Uno  of  122  standard  pormanonHy  insulated  wiros,  cables  and  cords 

I  control  y,jth  .0185[',  0*  eroor.  I  (and  numerous  specials)  dosignod  to  moot  sovoro  oporoHng  condi- 

1  **  *ice)*031"  felted  esbestos  insu  a  i  |  lions  or  unusual  opplicaHen  (oquiromonts.  Why  not  lot  Reckbostes 

1  ***^  ..gt^fSns.  I  Research  solve  your  wiring  prebloms? 

I  iSMRBk  1  Rockbastos  Products  Corp.,  409  Nkoll  ft..  Now  Havan  4,  Conn. 

L _ @9 - MCKBESTOS  RESEARCH 

Solves  Difficult  Wiring  Problems 

YORK,  BUFFALO.  CLEVELAND.  CHICAGO,  PITTSBURGH,  ST.  LOUIS,  LOS  .'ANGELES,  SAN  FRANCISCO.  SEATTLE,  PORTLAND.  ORB. 
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change  in  frequency  amounted  to  i 
percent.  The  temperature  c  cflkie,,! 
also  was  affected ;  with  plates  havi^ 
a  parabolic  frequency/tem;jeratuN 
curve  the  effect  of  the  film  was  to  di- 
place  the  vertex  towards  lower  teJ 
peratures  by  an  amount  d(  riendij, 
on  the  crystal  cut  and  on  the  rafio 
layer-thickness/plate-thickness.  Thi; 
influence  on  the  temperaturo 
cient  is  discussed  in  detail. 

The  films  also  have  an  effect  k 
raising  the  inductance  of  the  plates 
and  bars,  by  an  amount  which  ma” 
reach  10  percent.  Freshly  ;ilyered 
and  mounted  plates  are  subject 
initial  changes  in  their  properties, 
which  decrease  with  time  to  a  He. 
iting  value.  By  repeated  temperini 
I  the  changes  are  hastened  to  a  stg 
tionary  state.  This  phenomenon  ds- 
pends  on  various  factors,  most  of  iH 
on  the  method  of  depositing  the  film. 
In  some  cases  frequency  rises  occur 
of  up  to  fixlO**,  and  resistance  and 
damping  decreases  up  to  40  percent 
The  oscillators  and  resonators 
made  on  the  above  lines  can  attain  i 
calibration  accuracy  of  1  to  2x10^. 
The  damping  in  air  amounts  to  2  to 
5x10"*,  a  value  about  ten  tirac. 
greater  than  the  best  obtained 
transverse  oscillations.  In  a  vn.  uuHi 
the  damping  may  be  reduced  to  Oi 
to  1x10**.  These  figures  are  found 
to  vary  little  with  the  cut  and 
of  vibration.  The  longitudinally-es 


Where  space  is  a  fac¬ 
tor  . . .  where  power 
consumption  must 
be  at  a  minimum . . . 
Zenith  Microtubes 
are  recommended... 


APPLICATIONS 


•  Two  Way  CommunicoHon 
Devices 

.  Pocket  Rodio  Receivers  ,  Meters 

•  Wearoble  Hearing  Aids  ^  physchiotric  Devices 

•  Noise  level  Indicators  ^  yg|,|  intensity  Meters 

•  Geophysical  Applications  •  Vacuum  Tube  Voltmeters 


•  Meteorological  Services  •  Aircraft 

Intercommunication 

•  Beocon  Light 

Relay  Circuits  •  Concealed  Sound  Pickups 

A  Booklet  containing  technical  data  on  Zenith 
MicTotuhes  is  available  at  the  factory. 


Fields  of  Air  Core  Coils  ano 
Applications  to  HF  Heating 

General  vector  mj^hods  of  deter¬ 
mining  the  mafirnetic  induction  field 
of  a  helix,  a  simple  circular  coil,  and 
two  types  of  spiral  coils  are  outlined 
in  an  article  by  C.  B.  Kirkpatrick 
in  the  A.W.A.  Technical  Revkv. 
Vol.  6,  No.  6  (Australian).  It  i? 
shown  that  the  formula  for  the  axiil 
field  of  a  solenoid  is  correct  for  any 
helical  coil,  however  loosely  wour. 
An  optimum  value  is  derived  fof 
that  radius  of  a  helical  coil  "'hid 
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^jyes  a  maximum  field  at  a  given 
jistance  along  the  axis  of  the  coil. 

In  the  second  part  of  the  paper 
the  design  of  high-frequency  induc¬ 
tion  heater  coils  used  in  vacuum  tube 
nanufacture  for  degassing  metal 
components  and  for  flashing  the 
getter  during  the  exhaust  process  is 
discussed.  The  induction  field  is  the 
main  factor  to  be  considered 'in  the 
design  of  such  coils. 


piagrom  of  a 
coU  for 
bMliBg  Tacuum 

tub*  plow* 


'  One  of  a  number  of  specially 
shaped  coils  designed  to  meet  the 
needs  of  modem  tube  manufacture 
is  shown  in  the  illustration.  This 
coil,  called  a  bonnet  coil  by  the 
author,  is  used  for  heating  flat  com¬ 
ponents  such  as  tube  plates.  It  pro¬ 
vides  a  magnetic  field  at  right  angles 
to  the  plane  of  the  plate.  Other  coils 
use  for  this  purpose  are  the  helical, 
spiral,  oval  and  elliptical  types. 


TRANSMITTING  TUBE  ON 
PRODUCTION 


SetUtt^  OinStOHdand^c^^ 

W«  live  in  an  age  of  row^M^Vi^racles — gigantically 
'  planned  to  meet  the  supreme  challenge  of  wartime 

j  ^  necessity.  Permoflux  Dynamic  Headphones  have  cast 

I  their  outline  in  the  progress  of  communications— 'have 

attained  a  performance  standard  of  unmatched  effi- 
ciency  and  complete  dependability.  The  horizons  of 
tomorrow  will  spotlight  ^e  Permoflux  developments 
r  today! 


Th*  exhoust  mochln*  shown  horo  is  cop- 
able  oi  •ToenoUnq  two  doson  transmitting 
tabes  os  thoy  progress  oronnd  tho  drclo. 
The  tubss  an  hootod  to  a  tomporoturo  oi 
1.000  dsg.  at  ton  diUoront  positions  on  tho 
tsolex  mochino  by  moons  oi  high  iro- 
qnenqf  induction  coils  which  moy  bo  soon 
■nrioundlng  many  oi  tho  tubos.  Tho  op¬ 
erator  is  shown  plodng  ono  tnbo  in  posi¬ 
tion  for  its  ionrnoy  on  this  morry-go-round 
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Aircraft  Radio 

(Continued  from  page  loi) 


meter  deflection  was  securtd. 
receiver  in  this  case  was  mure  that 
usually  selective  and  was,  therefore, 
difficult  to  tune  properly,  hence  the 
initial ’need  for  a  meter.  However 
this  combination  of  high  selectivity 
and  a  tuning  meter  resulted  in  the 
following  functional  irretjularity 
when  the  receiver  was  tuned  to  a 
simultaneous  range  station :  The  tun¬ 
ing  meter  indicated  resonance  with 
the  center  tower  of  the  simultaneoui 
range  station,  which  is  desirable  and 
satisfactory  when  the  receiver  it 
being  used  as  a  radio  compass.  How¬ 
ever,  when  aural  reception  of  range 
signals  was  desired,  it  was  found 
necessary  to  detune  the  receiver  ap¬ 
proximately  1  kc  from  the  resonant 
position  indicated  by  the  tuning 
meter  to  receive  satisfactory  aural 
signals. 

The  foregoing  example  illustrates 
how  the  design  engineer,  in  attempt¬ 
ing  to  correct  one  phase  of  an  opera¬ 
tional  difficulty,  may  unknowingly  in¬ 
troduce  errors  in  a  second  functional 
application  of  a  unit  of  aircraft  radio 
equipment. 

In  the  design  of  multi-function 
equipment  such  as  automatic  direc¬ 
tion  finders  that  use  mqtors,  relays 
or  other  controls  operated  from  the 
primary  power  source,  consideration 
should  be  given  to  locating  the  fuses, 
relays,  etc.  in  the  circuits  in  such 
manner  that  failure  of  a  fuse  or  re¬ 
lay  will  still  allow  the  unit  to  operate 
in  its  most  simple  function.  For 


i.ViANY  products,  improved  by  re¬ 
design  and  restyling,  are  now  far 
better  products  than  ever.  Redesign 
of  commercial  products  did  not,  of 
course,  stop  with  the  war.  It  has  been 
and  is  a  continuous  process  that  is 
going  on  now. 

Versatile  INSUROK  plastics,  be¬ 
cause  of  their  wide  range  of  physical, 
chemical  and  dielectric  properties, 
are  being  used  to  solve  a  host  of 


redesign  and  restyling  problems. 

The  particular  grade  of  Molded 
INSUROK  used  for  the  new  push¬ 
button  switch,  which  won  an  award 
in  the  Annual  Electrical  Manufactur¬ 
ing  Product  Design  Contest,  was 
chosen  because  of  its  good  insulating 
properties,  permanency  of  finish  and 
appearance. 

Many  types  of  Richardson  plastics 
are  speeding  Victory  today  at  home 
and  on  the  combat  front.  If 
||||||||H  your  product  needs  redesign- 
ing  let  Richardson  Plasticians 
help  you.  They  will  recom- 
Pi^P  mend  the  right  khtt/  of  plastic 
I  fo*"  *he  job. 


The  old  style  Allen-Bradley  switchbox 
required  three  screws,  and  because  of 
its  construction  made  terminals  and 
wiring  hard  to  get  at. 


The  new  Allen-Bradley  design  was  a  big 
improvement — required  only  one  screw 
— keptoutdustandfineparticles — opened 
on  both  sides  as  well  as  the  front.  This 
was  accompliehed  by  fitting  the  ribs  of 
the  cover  into  grooves  in  the  base. 


Remot*  solanoid  control  box  for  actuatinq 
tbo  fro<{uonc7-«hiftiiig  mockoniam  oi  on 
olrcralt  radio  recoiver 
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Xlie  tough  spring  jobs  go  to  beryllium  copper 
in  this  war,  for  of  all  spring  materials,  this 
metal  offers  the  best  combination  of  all  critical 
spring  requirements — maximum  electrical  con¬ 
ductivity  with  high  tensile  strength,  minimum 
drift,  resistance  to  corrosion,  high  endurance 
strength,  and  efficient  operation  at  temperatures 
too  high  for  ordinary  materials. 

Instrument  Specialities  Company 
has  developed  the  one  exact  tech¬ 
nique,  “Micro-processing,”  to  put 
these  desired  spring  qualities  at 
^  your  command — today  for  war, 

tomorrow  for  peace. 
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A  spring  need  not  be  “fancy”  for 
you  to  benefit  by  Micro-process- 
ing.  While  in  a  number  of  in¬ 
stances  we  have  Micro-processed 
large  quantities  of  exceptional 
springs  to  perform  functions 
never  before  expected  of  any  springs;  in  hun¬ 
dreds  of  other  cases  we  have  added  materially 
to  the  life  of  such  every  day  products  as 
brushes,  motors,  instruments,  etc.,  by  improv¬ 
ing  the  quality  erf  “average”  springs. 

I-S  gets  the  most  out  of  springs  by  putting  rtie 
required  maximum  into  them.  We  stand  ready 
to  prove  our  statements  on  your  own  springs. 
A  time-saving  data  sheet  is  available  on  request, 
or  send  drawings  and  specifications  for  Micro- 
processed  samples.  \^1iy  not  expect  more  of 
your  springs? 

INSTRUMENT  SPECIALTIES  CO.,  INC. 

DIPT.  D,  LITTLE  PALLS.,  NEW  JERSEY 


Seeing'*  is  in  the  Using 
“Fancy”  Springs  (at  the  top)  are  Mi¬ 
cro-processed  to  precision  tolerances 
not  obtainable  by  any  oilier  process 
or  inaterial- 

For  “Average”  Springs  (helou)  Mi¬ 
cro-processing  delivers  closer  toler¬ 
ances  and  better  physical  properties 
than  obtainable  by  ordinary  process¬ 
ing  methods. 
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example,  in  an  automatic  dirtcti( 
finder  using  an  alternator  to  supp 
power  for  operation  of  synchro  i 
dicating  instruments,  good  ;  ugine^ 
ing  practice  requires  that  su 
alternator  be  separately  fused  in  ( 
der  that  its  failure  shall  not  disal 
the  entire  receiver. 


Aee*«sibillty  for  lupcctioi 

Aircraft  radio  equipment  u^oa. 
arily  receives  routine  inspection  isj 
servicing  after  each  period  of  a  ce^ 
tain  number  of  hours  of  servict 
Therefore,  all  parts  should  be  easily 
accessible  for  inspection  both  visuallT 
and  with  instruments,  and  all  par^ 
should  be  easily  replaceable. 

All  units  of  equipment  should  bi 
designed  to  afford  the  maximum  pro> 
tection  to  maintenance  and  operatinf 
personnel.  The  design  of  all  equip, 
ment  should  be  such  as  to  precludi 
the  possibility  of  operating  personnd 
receiving  an  electrical  shock  or  bum. 


e^he  Andre\v%!ompany  is  now  able  to  supply  standard 
70  ohm  %"  soft  temper  co^?l  cable  in  continuous  lengths  up  to 
4,000  feet!  The  cable  is  elect^ally  identical  to  rigid  cables  of 
equal  size,  but  has  these  extra\dvantages:  the  cable  may  be 
uncoiled  and  bent  by  hand,  thus  gr^tly  simplifying  installation; 
no  connectors,  junction  boxes  or  ex^nsion  fittings  are  neces¬ 
sary,  thus  effecting  a  big  saving  in  in^^lation  time  and  labor. 
To  insure  that  all  splices  are  pressure  tig^^nd  that  all  foreign 
matter  is  excluded  in  shipment,  the  cable  be  fitted  at  the 
factory  and  shipped  to  you  under  pressure. 


Civil  Air  Rcgalatiom 

The  above  covers  the  major  con- 
siderations  in  aircraft  radio  equip¬ 
ment  design.  It  is  well  to  note; 
however,  that  before  a  unit  of  air¬ 
craft  radio  equipment  can  be  used  is 
commercial  airline  service  it  muR 
undergo  a  rigid  routine  of  specific 
teats  conducted  by  the  Civil  Aero- 
lautics  Authority,  in  accordance  with 
the  terms  of  Part  16  of  the  Civfl 
Air  Regulations  for  type  ce^ 
tification  of  air  carrier  aircraft  radio 
equipment.  These  specifications  apply 
to  all  items  of  important  radio  equip¬ 
ment  that  may  be  required  by  the 
Civil  Air  Regulations  to  be  installed 
aboard  certificated  aircraft  engaged 
in  scheduled  air  carrier  operations. 
If  these  tests  are  passed,  the  unit  is 
awarded  a  Civil  Aeronautics  Author¬ 
ity  Approved  Type  Certificate. 


The  Andrew  Company  is  a  pioneer  in  the 
manufacture  of  coaxial  cables  and  acces¬ 
sories.  The  entire  facilities  of  the  Eiigi- 
neering  Department  are  at  the  service  of 
users  of  radio  transmission  equipment. 
Catalog  of  complete  line  free  on  request. 


OUTDOOR  telephone  booths  are 
being  used  in  war  housing  develop¬ 
ments  when  equipment  is  not  avail¬ 
able  for  residential  installations. 
Coin  boxes  are  placed  on  front 
porches  of  homes  or  sometimes  in 
booths  set  right  on  side  lawns.  In 
Detroit  there  are  85  such  booths  in 
service,  with  collections  indicating 
about  20  outward  calls  per  box  per 
day. 
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The  Phillips  Recessed  Head 
was  scientifkally  engineered  to 
afford: 

Fast  Storting  -  Driver  point  an- 
tomatically  centers  in  the  recess 
...  fits  snugly.  Screw  and  driver 
’'become  one  unit.”  Fumbling, 
wobbly  starts  are  eliminated. 
Faster  Driving  -  Spiral  and  pow> 
er  driving  are  made  practicaL 
Driver  won't  slip  out  of  recess 
to  injure  workers  or  spoil  ma¬ 
terial.  (Average  time  saving  is 
50%.) 

fosior  Driving  -  Turning  power 
is  fully  utilized  by  automatic 
centering  of  driver  in  screw 
head.  Workers  maintain  speed 
without  tiring. 

•ottar  Fostanlngs  —  Screws  are 
set-up  uniformly  tight,  without 
burring  or  breaking  heads.  A 
stronger,  neater  job  results. 


fumbling,  wobbly  starts  .  .  •;  slant-driven 
screws  . . .  burred  and  broken  screw  heads 
. . .  and  dangerous  screw  driver  skids. 

Screw  and  driver  "become  one  uAit”, 
making  such  efficient  use  of  turning  power 
that  driving  is  much  easier  and  faster, 
regardless  of  driving  method.  And,  power 
driving  is  made  practical. 

Compare  the  cost  of  driving  Phillips 
and  slotted  head  screws.  You’ll  find  that 
it  actually  costs  less  to  have  the  advantages 
of  the  Phillips  Recess! 


NO  PRACTICE  NEEDED 
rODRIVE  PHILLIPS  SCREWS.,. 

It’s  no  problem  to  replace  men  who  have 
left  your  screw  driving  army  for  the  fight¬ 
ing  front,  if  you  use  Phillips  Recessed 
Head  Screws.  Anybody  can  "take  over’’, 
without  training,  and  do  a  good  job! 

The  scientifically  designed  Phillips  Re¬ 
cess  makes  screw  driving  fool-proof.  It 
automatically  centers  the  driving  force 
and  eliminates  all  driving  trouble  .  .  . 


PfewN  MamrfMtartai  C*..  <il- 

Rw4iNt  Sarmr  C«..  NmtWmmi.  Pa. 

RmMlI  SarWaU  I,  War#  Sana  Nat Ca..  ran eiMalar.N.V. 
S*a«ili  Maairfaatariat  Ca..  WaUrirUla.  Caaa. 
thakaaraaf  la*.,  Glil«ata.  itt. 

Tk*  Saathiattaa  NaiVwara  Hff.  Ck..  SaathUotM,  Caaa. 
WkiNMir  Sarw  Car*.,  Naakaa.  N.  N. 


latoraafiaaal  Straw  C*..  Oatraft.  Mtak. 

Tk*  Laawaa  N  Saaaiaas  C*..  a*«*laMl.  Oki* 

Tk*  Natlaaai  Scraw  4  Mf*.  C*.,  Cl*«*laa4.  Oki* 
Naw  Cafiaatf  Straw  Ca.,  Kata*.  N.  H. 

Tk*  Ckariaa  Parkar  C*..  MarMaa.  Caaa. 
Parfcar-Kaiaa  Carf..  Naw  Varfc.  N.  Y. 

Pawtaakal  Straw  C*..  Pawtaafcat,  S.  I. 


AaMTiaaa  Straw  C*..  Pravitfaaa*.  R.  I. 

Tk*  Nritltl  C*..  Watarkary,  Caaa. 

Caatral  Straw  C*..  Ckitat*.  III. 

CkaaSlar  PraSwata  Car*..  Cl***la*4  Oki* 
CaathMBtai  Straw  C*..  Naw  •*«ll*nl.  Mat*. 
Tk*  Carkia  Straw  Car*.,  N«w  BrHaia,  Caaa. 
Tk*  H.  M.  Haraar  C*.,  Ckiaaf*,  III. 
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NEWS  OF  THE  INDUSTRY 


WPB  reorganisation;  Radio  Technical  Plan¬ 
ning  Board;  new  tubes;  revised  IRE  Fall  pro¬ 
gram;  station  frequency  changes ;  - London 
news  letter;  VHF  bibliography;  dry  batteries 
for  WERS;  science  talent  search;  OWl  review 


WPB  Reorganization  of 
Radio  and  Radar  Division 

Rbosganization  of  WPB’s  Radio  and 
Radar  Division  has  been  completed 
so  that  the  spheres  of  activity  of  the 
production  and  organizational  units 
are  more  clearly  defined.  Ray  C.  Ellis, 
Director  of  the  Division,  with  the  as¬ 
sistance  of  Deputy  Director  John  S. 
Timmons  maintains  contact  with  the 
claimant  agencies,  the  industries  and 
the  various  offices  of  WPB,  deciding 
upon  major  policies.  Cooperating 
with  these  two  men  are  three  re¬ 
cently  appointed  Assistant  Directors. 

Sidney  K.  Wolf,  Assistant  Direc¬ 


tor  for  Production,  is  in  charge  of 
the  Products  and  Facilities,  End 
Products  and  Industrial  Instrument 
Branches  as  they  rdate  to  facilities, 
plant  capacities,  production  and  ma¬ 
terials.  These  operational  branches 
are  responsible  for  the  production  of 
equipment  and  parts  for  the  Armed 
Services  and  for  essential  civilian 
needs.  Mr.  Wolf,  who  has  held  sev¬ 
eral  important  positions  in  the  Radio 
and  Radar  Division,  has  recently  re¬ 
turned  from  the  Aleutians  where  he 
was  in  charge  of  the  Operations 
Analysis  Section  attached  to  the 
Eleventh  Air  Force. 

Harold  Sharpe,  Assistant  Director 


for  Labor,  is  responsible  for  the 
power  requirements  and  kbor  i 
lems  of  the  industries  which  r 
to  the  Division.  He  keeps  close 
tact  with  manpower  agencies  of 
Government  and  regional  nanpo 
representatives.  Mr.  Shar;  e  wag  { 
merly  executive  secretary  of 
(CIO)  United  Electrical  Radio 
Machine  Workers.  His  appoint 
is  in  line  with  WPB  policy  of  givj 
labor  more  representation  and 
as  a  result  of  direct  joint  orden 
WPB  I..abor  Production  Vice  I 
man  Joseph  Keenan  and  WPB 
IHJwer  Requirements  Vice  Chai 
Clinton  S.  Golden. 

Under  Mr.  Wolf’s  Product- 
Units  is  the  Products  and  facili 
Branch,  headed  by  Elmer  R.  Cr 
This  branch  determines  and  admini 
ters  plans  for  the  production  of 
ponents  required  for  electronic  eqijt 
ment.  The  requirements  of  the  Arnu 
Services  and  the  productive  capacii 
of  the  components  industry  are  r 
ported  in  terms  of  a  common  i 
nominator  known  as  prototypi 
When  the  demand  for  a  particuii 
prototype  exceeds  the  available  ss 
ply,  steps  must  be  taken  to  expai 


imt  Owcwr  lo.  Tisoc 

Mil  OfveW  lor  Wttnrn  lllon|OT»«  T23e> 
tail  anew  In  IM  nmf 
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J.WMNCT 
HMOLO  SHAIWE 
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OrQonization  chart  ior  Rodio  and  Radar  DiTision  of  War  Production  Board  as  of  Oct.  1.  1943.  Numbers  following  names  ox 
extension  numbers  of  REpublic  7500  (WPB  telephone  number  in  Washington,  D.  C.) 
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Above  illustrated  LangevinType  L-360 
Distributor  equipped  with  Jensen 
U-20  Drive  Unit.  When  so  equipped 
will  safely  handle  power  input 
of  20  watts.  Design  patent  pending. 


ANNULAR  SOUND 
DISTRIBUTION 

Absolutely  uniform  over  360  degrees 


I  he  type  L-360  Annular  Sound  Distributor 
utilizes  a  different  principle  of  sound  distribution  in 
that  it^  combines  molecular  reflection  and  collision 
instead  of  collision  alone  as  in  other  speakers.  The 
use  of  this  principle  results  in  a  uniformity  of  sound 
distribution  both  as  to  frequency  and  power  over  a 
horizontal  plane  of  360  degrees  and  a  vertical  plane 
of  approximately  40  degrees.  Acoustical  output  char¬ 
acteristics  available  on  request.  Type  L-360  Distrib¬ 
utor  is  23"  in  diameter  with  an  over-all  height  of  25". 


The  Lanqevirt  Company 

INCORPORATED 

SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 


NEW  YORK  SAN  FRANCISCO  LOS  ANGELES 

37  W.  65  St.,  23  1050  Howard  St.,  3  1000  N.  Seward  St.,  31 
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iwOCsCo)!^  lJRi(S«  1501  W.  Congress  St.,  Chicago,  U.S.A. 

DYNAMOTORS  •  D.  C.  MOTORS  •  POWER  PLANTS  •  CONVERTERS 


(Mport  Ad  Auriema,  89  Broad  St.,  New  York,  U.  S.  A.  Cable  Auricma,  New  York 


productive  capacity  or  to  find  a 
able  substitute.  Inasmuch  as  t 
branch  is  staffed  with  men  fromej 
of  the  components  industries,  ti 
is  first-hand  knowledge  avails 
when  problems  arise.  It  is 
aided,  as  are  the  other  branches 
Industry  Advisory  Committees, 
terests  of  the  branch  extend  to  nii 
phases  of  communications  equipir,, 
For  instance,  it  is  intere.sted  in 
creasing  production  through  qua 
control  simplification,  concentra! 
and  standardization.  The  standi 
izatj^  program  is  carried  on  joii 


b^^ii^ustry  subcommittees,  the 
and  f  ithe  ’  Signal  Corps  Standar 
1  Agency  at  Red  Bank,  New  Jersey. 

[  The  End  Products  Branch  und 
I L.  J.  Chatten,  Chief,  develops  a; 
i  recommends  to  all  claimant  agenci 
:  plans  for  the  procurement  of  elf 
tronic  end  products  to  meet  milita 
requirements,  making  the  most  ei 
[cient  use  of  existing  facilities.  Itc 
I  operates  with  the  Office  of  Scienti 
Research  and  Development  of  VVp 
!  Government  laboratories,  indiistri 
concerns  and  claimant  agencies 
assemble ’data  on  all  new  devd 
ments  of  electronic  end  equiprr^ 
and  advise  the  Products  and  Fa:: 
ities  Branch  of  technical  changes 
developments  which  may  affect  tl 
requirements  for  components. 

The  Industrial  Instrument  Branc 
under  E.  A.  Capelle  acts  as  the  ft;^; 
point  for  all  problems  affecting  ti 
production  and  distribution  of  pr 
ucts  within  its  jurisdiction.  Mai! 
facturers  report  regularly  their  pr 
duction  and  backlogs  for  pyrometer 
tube  system  instruments,  industri 
[thermometers,  flow  instruments,  cin 
bustion  control  equipment,  dial  pre 

controller; 


Quality  control  of  the  components  of  EICOR  produas  is 
maintained  by  innumerable  inspections  and  tests.  And  such 
thoroughness  pays — it  assures  reliable  motors  and  dynamotors 
for  our  Armed  Forces — it  helps  us  produce  perfect  units,  faster. 

For  example,  the  insulation  tester  illustrated  was 
designed  and  built  by  EICOR  engineers  expressly  for  applying 
high  potential  stresses  between  certain  insulated  components. 
Such  tests  are  made  between  high  or  low  voltage  windings 
and  ground;  from  high  to  low  voltage  windings;  from  field 
coils  to  ground,  and  between  other  parts,  depending  on 
1  the  type  of  the  unit.  Every  motor  and  every  dynamotor, 

I  large  or  small,  must  “take  it”  at  a  specified  voltage  as 
I  a  routine  part  of  production  testing. 


sure  gauges,  pressure 
etc.,  as  well  as  the  components  u.'ci 
in  their  manufacture.  Procurema 
difficulties  of  the  industry  are  lus 
died  by  the  branch  or  channeled  t 
the  appropriate  agency. 

Through  the  Division  Requiri 
ments  Committee,  the  essential  n 
quirements  of  the  various  clainu: 
agencies  for  products  under  junid 
tion  of  the  branch  are  receive 
Where  a  critical  situation  exists  t 
the  distribution  of  certain  product 
scheduling  of  shipments  is  unde 
taken  in  cooperation  with  the  ciais 
ant  agencies  concerned. 

Under  the  functional  or  organi* 
tional  units  of  the  Radio  and  Rai-; 
Division  are  the  following  brancbt- 

The  Program  Branch,  headed ! 


Long  experience  in  this  highly  specialized  field  has 
helped  earn  an  enviable  reputation  for  EICOR  products. 
This  experience  may  be  of  considerable  assistance  to 
you  when  rotary  electrical  equipment  is  a  factor 
in  your  post  war  planning. 
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J  There  is  a  connection  between  a  "8nake"N 
/  made  out  of  rubber,  today's  planes  that  are 
f  ^  wrecking  the  Axis,  and  your  business  and 
ours  tomorrow. 

A  rubber  "snake"  made  by  the  Johnson  Rubber 
Company  mokes  the  variable  pitch  propeller  pos¬ 
sible.  It's  a  little  part  you  can't  see  .  .  .  just  one  of 
the  small  parts  that  must  operate  perfectly  to  make 
Uncle  Sam's  war  machinery  unbeatable. 

This  particular  part  is  molded  to  a  tolerance  of  one 
thousandth  of  an  inch  ...  it  is  a  precision  part  in 
rubber  .  .  .  and  it  must  remain  lively  and  resilient 
under  extremes  of  temperotrire  and  high  pressures 
. . .  this  is  Qiade  possible  by  specifications  rubber 
produced  by  Johnson  formulas. 

Thousands  of  such  small  parts  make  the  efficient, 
unbeatable  operation  of  America's  war  machines 
possible  ...  all  Johnson  Rubber  production  today 
is  for  Uncle  Sam. 

There  will  come  a  day,  though,  when  we  all  hove 


to  think  about  transferring  the  boys'  names  from 
the  honor  roll  to  the  pay  roll,  and  getting  back  to 
our  regular  job  of  supplying  a  peacetime  market. 
To  meet  that  great  day  with  a  minimum  of  time 
waste  is  important  to  the  boys  coming  back  .  .  . 
and  important  to  you. 

Lay  your  plans  now.  Let  us  help  you.  Johnson  engi¬ 
neers  and  designers  can  help  you  solve  problems 
in  your  post  war  products  . . .  and  come  up  with  the 
right  answers  in  the  right  kind  of  rubier  in  the 
specific  part  you  need  .  .  .  and  this  precision  in 
rubber  perfected  in  wartime  will  serve  you  well 
in  peacetime. 

We  will  be  ready  to  supply  you  when  the  time  comes  .  .  .  buf 
the  time  to  think  about  it  and  plan  ahead  is  now  .  .  not  then. 


The  Johnson  rubber  Co.  .  Middle  field,  Ohio 

^  MOLDED  &  EXTRUDED  RUBBER  PARTS  FOR  INDUSTRY'S  VITAL  ASSEMBLIES 


Indispensable  in  War  — Essential  in  Peace 
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If  YOU  monufachu*  meters. 
crYstols,  condensers,  tubes 
.  .  .  electronic  components 
or  equipment  .  .  .  Mobile 
will  gladly  supply  the  an' 
swers  to  the  questions  asked 
bMow.  Only  Mobile  offers 
program>controlled  or  man- 
ually>set  atmospheric  condi¬ 
tions  to  meet  all  of  your 
requirements.  Wherever 
standard  models  ore  not 
suitable,  we  will  build  to 
specifications.  May  we  work 
with  you? 


Will  It  test  more . . .  faster? 

Is  It  aotomatlc  In  operation? 

Does  it  require  mlnimam  attention? 

Does  it  balk  small  yet  base  large  capacity? 

How  mack  power  is  consnmed  in  operation? 

Does  D  meet  critical  specifications  of  the  Army  and  Na?y? 

Will  it  dnpiicate  atmospheric  conditions  np  to  80,000  feet? 


Blood  donors  are  needed  immediately 


see  your  local  Red  Cross 


MOBILE  BEnaCEBATlON 

S.  F.  BOWSER 


DIVISION  OF 

38-32  54th  Street 


&  COMPANY,  INC. 

Woodside.  L.  I N.  Y. 


F.  S.  Boland,  screens  and  correlate 
1  the  requirements  of  all  programs  for] 

'  the  procurement,  manufacture  an^i 
distribution  of  electronic  eiiuipmer* 
for  the  armed  forces,  for  exj^ort  an 
fer  essential  civilian  requirement! 

The  chief  operating  function  of  thj 
branch  is  to  plan  and  supervise  tlj 
operations  of  the  Controlled  MatJ 
rials  Plan  with  respect  to  the  eb 
tronics  industry  at  the  claima- 
agency,  or  consumer,  level  as  dis- 
tinguished  from  the  distribution  or 
manufacturers’  level.  It  establishes 
statistical  controls  and  systems  necev. 
sary  to  know  the  current  status  of 
requirements,  production  and  mate 
rials  flow.  It  is  the  principal  point  of! 
contact  for  the  claimant  agencies  anH 
presents  statements  of  requirements 
to  the  Division  Requirements  Com. 
mittee,  where  determination  is  made 
as  to  allocation  of  materials  among 
claimants. 

The  Distribution  and  Scheduling 
Branch  under  A.  J.  Wilson,  Chief,  is 
concerned  with  receiving  and  proc¬ 
essing  applications  for  critical  mate¬ 
rials  and  scheduling  production  and 
delivery  of  products  and  critical  com¬ 
ponents. 

The  Domestic  and  Foreign  Branch, 
headed  by  Frank  H.  McIntosh,  is  re¬ 
sponsible  for  production  and  dis¬ 
tribution  of  components  and  equip¬ 
ment  for  broadcasting  stations,  in¬ 
ternational  communications  systems, 
public  address  systems  and  ship-to- 
shore  communications.  All  matters 
pertaining  to  civilian  radio  require 
ments  are  handled  through  this 
branch. 

The  Field  Service  Branch,  under 
Frank  S.  Horning,  administers  and 
executes  all  problems  pertaining  to 
field  problems  outside  the  Washing¬ 
ton  level.  It  is  made  up  of  37  Radio 
and  Radar  Specialists  in  13  regional 
offices  throughout  the  country  who 
coordinate  the  activities  of  producers 
of  electronic  equipment.  Working 
with  the  regional  offices,  manufac¬ 
turers  are  in  a  position  to  get  proper 
interpretations  of  L  and  M  orders 
pertaining  to  the  industry.  Manu 
facturers  are  also  advised  to  take  up 
their  manpower  and  labor  problems 
with  these  regional  offices,  which  fol 
lows  the  general  WPB  decentraliza¬ 
tion  program  for  operations  as  far 
as  possible  through  the  local  field 
representatives. 

The  Administrative  Section  deals 
with  office  services  within  the  Divi¬ 
sion. 
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tCHRAD  PRODUCTS 

SINCE  1925 

TecliRical  Radio  CompaRii 

275  NINTH  STREET 
N  FRANCISCO  •  CALIFORNIA 
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ASTER  ENGINEERING  TAKES  NOTHING  FOR  GRANTED 


irould  be  a  fallacy  to  attempt  the 
istruaion  of  a  project  as  big  as  the 
aider  Dam  without  careful  engineer- 
^  and  planning.  Specialized  radio 
iiipment  requires  this  same  careful 
nsideration  of  the  most  minute  de¬ 
ls,  It  is,  however,  the  combination  of 
od  engineering  and  productive  skill 
It  provides  readly  dependable  results. 
Technical  Radio  Company  is  in  the 
sioess  of  manufacturing  radio  com- 
inication  equipment. . .everything 
►m  tiny  parts  to  complete  radio  trans- 
tters.  Techrad  engineers  are  firm 
lievers  in  the  principle  that  anything 
)nh  building  at  all  is  worth  build- 
;  well.  The  wisdom  of  this  policy  is 
arly  evident  today,  for  the  products 
Techrad  are  dependably  filling  many 
portant  jobs  in  the  war.  The  master 

jcillator,  illustrated,  represents  months 

It 

I  development  work  and  is  simply  one 
^  many  exacting  components,  designed 
If  specific  applications. 

^TodayTechrad  is  devoting  all  its  time 
d  skill  to  the  winning  of  the  victory, 
iemember  the  name  "Techrad,”  for 
en  this  war  is  over  you  may  find  here 
e  solution  to  some  of  your  problems. 


In  base  to  plane  communication  one  of  the  vital  contrib¬ 
uting  factors  toward  the  accuracy  of  pin  point  tuning  is 
precision  geors,  and  we  are  proud  to  say  that  QUAKER 
QTY  GEARS  are  playing  their  part  in  assuring  this  accuracy. 


uaker  Citg  Bear  Works 


INCORPORATiO 


1910-32  NORTH  FRONT  STREET,  PHILADELPHIA,  PENNSYLVANIA 


iiimuiujii 


-4 


The  appointment  of  Peter  L.  J 
sen  of  Chicago  as  an  industry ; 
cialist,  in  charge  of  matters  rela« 
to  production  of  speakers  and 
brators  in  the  Components  Sect;, 
is  of  interest  to  the  industry, 
Jensen  formerly  was  vice  preside 
and  director  of  RMA  and  also  chj 
man  of  RMA’s  Amplifier  and  Sr.i 
Equipment  Division. 

Another  change  in  the  Radio 
Radar  Division  should  be  noted. 
Milton  Lowenstein,  chief  of  the  M 
terial  Section,  has  resigned  and 
listed  in  the  Army  as  a  private.  Ac 
ing  chief  of  the  section  is  H. 
Gaston. 


Radio  Technical 
Planning  Board 

The  Radio  Technical  Plann' 
Board  held  its  first  meeting  SepU 
ber  29,  at  the  Roosevelt  Hotel,  N 
York.  The  following  industry  at 
service  groups  sent  representat 
and  alternates:  American  Instiv 
of  Electrical  Engineers,  Amfeii.. 
Radio  Relay  League,  FM  Bm 
casters,  Inc.,  Institute  of  Radio  E: 
gineers.  International  Association  c 
Broadcasters,  National  Indepeni 
Broadcasters,  Radio  Manufactui. 
Association,  Aeronautical  Radio,  Ir 
International  Association  of  Ch; 
of  Police.  Dr.  W.  R.  G.  Baker  was  a 
pointed  chairman  of  the  RTPB  for 
term  of  one  year.  The  Board  w 
function  under  a  plan  of  organize! 
and  procedure  which  was  adopted; 
the  meeting. 

The  objectives  of  the  RTPB  s!^ 
be  to  formulate  plans  for  the  tn’  ’ 
cal  future  of  the  radio  industry  a: 
services,  including  frequency  all 
tions  and  systems  standardization,  i: 
accordance  with  the  public  inttic 
and  the  technical  facts,  and  to  a- 
vise  government,  industry  and  ti 
public  of  its  recommendations.  ? 
planning  shall  be  restricted  to  enc 
neering  considerations. 

The  sponsors  of  the  RTPB  si; 
be  those  nonprofit  associations  a: 
societies  which  have  an  import.! 
interest  in  radio  and  which  indica 
a  willingness  to  cooperate  in  ai  h’e 
ing  the  objectives  of  the  RTPB.  T: 
list  of  sponsors  at  the  time  of  f 
mation  consisted  of  those  present 
the  first  meeting. 
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ALTITUDE:  40,000  FEET 


nside  this  new  RCA  plastic  altitude 
:hamber,  aircraft  radio  equipment 
s  taking  a  ride  at  40,000  feet.  As 
he  pressure  drops  inside  the  sealed, 
ransparent  walls,  expert  eyes  ob- 
itrve  every  part  of  the  radio  mech- 
mism.  Defects  in  design,  details  of 
aulty  construction  that  would  re¬ 
gain  hidden  until  actual  high-alti- 
ude  flights,  can  be  noticed  at  a 
ihnct  right  on  the  ground — and 
corrected  before  the  radio  is  in- 
italled  in  a  plane. 

For  pilots  it  means  greater  safety, 


better  performance,  dependability 
— where  failure  of  the  radio  equip¬ 
ment  might  mean  difficulty  for  a 
courageous  crew. 

RCA’s  new  all-plastic  test  cham¬ 
ber  represents  another  step  forwr.rd 
in  aviation  radio  research'.  Because 
it  is  entirely  transparent— it  enables 
engineers  to  study  the  whole  set 
at  once,  to  check  for  high  altitude 
flash-overs  and  leaks  at  the  same 
time,  to  look  for  tuning  shifts  and 
“breathtr^”  parts  in  the  set  simul¬ 
taneously. 


This  most  advanced  of  high-altitude 
test  chambers  is  typical  of  RCA’s 
many  facilities  for  aviation  radio 
research.  Today  that  research 
has  but  one  goal — to  help  make 
America’s  armed  might  in  the  air 
the  most  powerful  and  effective  fly¬ 
ing  force  in  the  world.  From  that 
war-time  research  will  come  the 
knowledge,  the  skills,  and 
the  technique  that  will  BUY 

help  keep  America’s  wings 
the  mightiest  and  most 
useful  known  to  man. 


RCA  AVIATION  RADIO 


RCA  Victor  Division  •  RADIO  CORPORATION  OF  AMERICA  •  Camden,  N.  J. 
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AM»lgm  Rm9pom»ibiUtg  tor 
the  Whole  Job  to  the 

RADEX 

Pr«daetlon  Laboratory’^ 


-a/  mmall 
trmetional  R.  P.  motar»  tor 
airermtt  amJ  rmJlo  mrork 

If  you  need  small  fractional 
H.  P.  motors  for  any  war  applica¬ 
tion,  you  can,  with  complete  con¬ 
fidence,  five  us  full  responsibility 
for  design,  engineering  and  pro¬ 
duction.  You'll  save  time,  money 
and  get  a  unit  that  meets  your 
exact  specifications  for  efficiency 
and  performance.  Radex  is  a 
**production  laboratory".  .  .  well 
equipped  for  laboratory  develop¬ 
ment  work  on  difficult  engineer¬ 
ing  jobs.  Resources  are  ample  for 
large  volume  production  requir¬ 
ing  the  highest  standards  of  pre¬ 
cision  workmanship  and  quality 
of  materials.  We  have  engineered 
and  produced  various  types  of 
small,  fractional  H.P.  motors, 
including 

•  DVNAMerORS 

•  GENERATORS 

•  CONVERTERS 

•  VENTILATING  MOTORS 

•  RAND  SWITCH  MOTORS 

•  SPEED  REDUCTION  MOTORS 

•  HEATER  MOTORS 


Production  Test  Equipment 

IMPEDANCE  MATCHING  BRIDGE 
COILS — universal,  progressive 
and  paper  section 

POCKETRACER 


I  Write  for  further  information.  We  have  open 
I  facilities  to  eerve  you.  Radea  Corporation 
I  1308  Elston  Avenue,  Chicago  22,  Illinois 


Dry  Batteries  for  WERS 

Dry  batteries  that  have  passed  their 
shelf-life  expiration  date  have  been 
acquired  by  the  OCD  and  will  be  dis¬ 
tributed  free  to  WERS  stations  that 
request  them.  The  batteries  have 
been  spot-checked,  and,  although  a 
few  may  last  only  a  short  time,  the 
majority  are  expected  to  give  satis¬ 
factory  service  in  emergency  equip¬ 
ment. 

There  are  26  different  types  of  bat¬ 
teries  available  and  their  voltages 
range  from  1.5  to  162  volts.  Applica¬ 
tions  for  batteries  should  be  made  to 
the  WERS  radio  aide  of  the  local  De¬ 
fense  Corps  who  will  transmit  the 
request  to  the  State  radio  aide.  Dis¬ 
tribution  will  be  made  on  the  basis  of 
the  number  of  stations  in  operation 
in  each  state  on  September  1. 


Licensed  WERS  Stations  by  States 


Alabama 

45 

Nebraska 

10 

.\rizona 

7 

New  Hampshire 

7 

California 

267 

New  Jersey 

235 

Coiorado 

2 

New  York 

754 

Connecticut 

441 

North  Carolina 

40 

Dist.  of  Col. 

27 

Ohio 

664 

Florida 

44 

Oregon 

12 

Georgia 

17 

Pennsylvania 

312 

Illinois 

223 

Rhode  Island 

79 

Indiana 

210 

South  Dakota 

12 

Kentucky 

50 

Tennessee 

9 

Louisiana 

26 

Texas 

32 

Maine 

6 

Vermont 

7 

Maryland 

191 

Virginia 

20 

Massachusetts 

509 

Washington 

78 

Michigan 

112 

West  Virginia 

K 

Missouri 

62 

Wisconsin 

5 

Montana 

15 

Wyoming 

25 

Electronic 

Lab 

in  Hangar 

The  future  size  of  bombing  planes 
was  an  important  factor  in  the  de¬ 
sign  of  a  new  hangar  recently  built 
for  the  aeronautical  electronics  lab¬ 
oratory  of  Minneapolis-Honeywell 
Regulator  Co.  After  consultation 
with  the  Air  Corps,  the  hangar  was 
made  large  enough  to  house  five  large 


bombers.  Electronic  laboratorie 
radio  room  and*  a  machine  shop 
included. 

At  the  dedication  exercises  of 
hangar,  a  plaque  was  unveiled  by 
widow  of  Col.  Douglas  M.  Kilpatrj 
chief  of  the  bombing  branch  of 
Materiel  Command  at  Wright  Fi 
who  was  killed  in  a  plane  crash 
1942.  He  was  one  of  the  first 
foresee  the  possibilities  of  an  ei 
tronic  autopilot  for  bombers 
scribed  elsewhere  in  this  issue 
Electronics. 

London  News  Letter 

By  John  H.  Jupe 

Loudon  Correspondent 

Science  Training.  A  number 
people  in  Britain  are  getting  wc 
ried  about  the  trainii  of  futu 
scientists  and  the  matter  has  cr\ 
tallized  recently  ip  the  action  oft 
Institute  of  Physics  setting  up 
special  committee  to  consider  t 
matter.  This  committee,  under  t 
chairmanship  of  Sir  Lawren 
Bragg,  has  just  issued  its  repo 
and  the  proposals  make  interest! 
reading.  The  present  scholarsh 
system  is  criticized  and  its  replac 
ment  by  a  system  of  Government 
lowances  to  students  is  reco 
mended.  This  overcomes  a  difiicu! 
very  common  in  Britain,  name! 
that  those  who  win  scholarsh 
often  cannot  proceed  with  the  i 
vanced  studies  owing  to  insufficie 
private  income. 

It  is  also  pointed  out  that  gre 
specialization  in  one  science,  phy 
ics,  for  example,  is  undesirabli 
Other  sciences  should  be  include* 
right  up  to  the  time  that  a  man  fi!! 


minnERPOLIS-  HOnEVUIELL 


MiMiilliii 


,,  iinr  ^  t  qi 


y  CHICAGO 

Engineering  *  Production 

The  longest  single  span  truss  ever  fabricated  and  erected  by  the  American 
Bridge  Co.  went  into  the  construction  of  this  hangar  for  bombers.  Viewed 
from  beneath  the  wing  of  a  Flying  Fortress,  the  doorway  is  34  feet  high 
and  180  feet  wide  and  has  no  obstructions 
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SCTRONie 


Type  GB  Insulated  1>Watt  Fixed  Resistor 


■1^ 

*'*’*  THE  ONLY  VARIABLE  RESISTOR 
with  a  SOLID  MOLDED  ELEMENT 


E(  i  RONICS  —  ISovember  1943 


Crou'section  view  show¬ 
ing  how  terminals  are 
imbedded  in  solid, 
molded  resistor  element. 


ALLEN-BRA)DLEY 


FIXED  &  VAIRIABLE  RADID^  RESISTORS 


auaiiTv 
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Type  EB  Insulated  V4-Watt  Fixed  Resistor 


Type  J  Bradleyometers  may  be  used  separately  or  in  dual  or 
triple  construction  to  fit  any  particular  control  need. 


Sectional  views  of  Bradleyunits  showing  the  molded  homogene* 
ous  resistor  material,  insulation,  and  imbedded  lead  wires. 


The  resistor  element  in  the  Allen-Brodley  Type  J 
Bradleyometer  has  substantial  thickness  (approx. 
1/32  in.  thick)  and  is  molded  as  a  single  unit  with 
the  insulation,  terminals,  face  plate,  and  threaded 
bushing.  It  is  r>ot  a  film,  spray,  or  paint  type  resistor. 
Reliability  and  compactness  are  assured  by  this 
simple  construction  which  eliminates  all  rivets, 
welded  or  soldered  connections,  and  conducting 
paints.  During  manufacture,  resistor  material  may 
be  varied  throughout  its  length  to  provide  prac¬ 


tically  any  resistance-rotation  curve.  Bradleyometers 
meet  Army  and  Navy  200 -hour  salt  spray  tests. 

Bradleyometers  are  the  only  continuously  adjust¬ 
able  composition  type  resistors  (only  one  inch  in 
diameter)  having  a  rating  of  two  watts  with  a  good 
safety  factor.  Available  in  resistance  values  as  low 
as  50  ohms.  They  can  be  supplied  for  rheostat  or 
^  potentiometer  uses,  with  or  without  a  switch.  Write 
for  specifications  today.  Allen- Bradley  Company, 
no  W.  Greenfield  Ave.,  Milwaukee  4,  Wis. 


FIXED  RESISTORS 


3 


I 

I 

1 


\ 

i  - 


The  Signal  Corps  does  it  again 


350  W.  EtIE  ST.,  CHICAGO  10,  ILL 


ishes  his  University  training  p 
thermore,  even  after  he  has  gra 
ated  there  should  be  post  gradu 
courses  both  in  theoretical  and 
perimental  matters  to  enable  hin 
keep  abreast  of  the  rapid  deve! 


ments  in  his  chosen  subject. 

Contact  with  industry  ig  conj 
ered  to  be  very  important  to 
student  and  although  a  number 
suggestions  have  been  made 
Ipstitute  of  Physics  Committee  i 
clhfes  to  say  which  it  considers] 
best,  as  so  much  depends  on  circn 
■stances. 

I  think  that  the  most  interest; 
recommendation  in  the  report 
for  ^n  increased  study  of  the  Ei 
language  and  literature  in] 
der  that  physicists  may  be  able ' 
express  themselves  in  clear,  pred 
and  attractive  English”.  This  sed 
‘to  be  very  sound  advice  as  I  km 
from  practical  experience  thatma 
engineers  are  good  men  at  tb 
jobs  and  yet  fail  badly  when 
comes  to  incorporating  an  acoo, 
of  their  work  in  a  report  for  t 
to  read. 


The  New^  Development 
in  Milit(^)feodsetsl 


1  his  new  headset  was  designed  to 

r, 

fit  under  the  new  helmet  that  prcj^ 
’’s  head  and  neck.  A 


%  tects  the  soldier’ 

^  I  small  soft  plug  fits  into  the  ear,  pro- 
k  M  viding  a  more  effective  seal  against 
outside  noises.  Because  the  plug  type 
earp^iece  focuses  the  sound  directly  into 
the  ear,  these  new  receivers  have  a  tre¬ 
mendously  higher  fidelity  of  response.  The 
inserts  are  made  of  neoprene,  thus  requiring 
almost  no  strategic  material.  Now  a  complete, 
all-purpose  headset  may  be  issued  to  each  tele¬ 
phone  and  radio  operator  individually. 


Chief 


Radiolocation  or  .  .  .?  Now  tha: 
few  details  of  this  invention  h 
been  released  discussion  has  sUn 
as  to  which  is  the  best  name, 
have  seen  the  American  na; 
praised  on  the  grounds  that  it 
“short  and  sweet”  but  others  clai 
that  the  British  name  gives  a  b 
ter  idea  of  what  the  thing  does. 

Many  of  us  in  the  radio  and  eL 
tronic  field  had  a  shrewd  ideal 


These  new  headphones  are  manufactured  imder 
the  most  rigid  Signal  Corps  specifications.  They  are  made 
to  operate  at  40°  below  zero  and  170°  above  zero  . . .  and  in 
the  extremes  of  arid  to  the  most  humid  climates. 

Power  requirement  is  much  less  than  required  by  the  older 
type  of  headset.  The  response  is  very  flat  and  is  uniform 
within  8  Dbs  from  400  to  2200  cycles  and  approximately 
15  Dbs  from  100  to  3500  cycles.  Produces  an  average  of 
10  dynes  cm^  at  an  input  of  6  microwatts. 


BRITISH  UNIVERSITY 
WARTIME 


4'onKnlidalvtl  Hatiio'M  modern  muHM  pradurttam 
tuflhads  ran  suppla  sipnal  rorpn  and  athrrhrad- 
phone  nnitM  in  QuantiHen  to  rontrartorn. 
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R'TURNER  rLEXIBLi^SHArTINC 


Many  of  the  mechanical  weapons 
of  this  war  are  “quicker  on  the 
trigger/*  because  of  WALKER- 
TURNER  FLEXIBLE  SHAFTING.  Its  action 
is  as  positive  in  the  stratosphere  as 
on  land. 

As  one  of  the  largest  manufacturers  of 
flexible  shaft  machines  for  industry, 
we  have  had  ample  opportunity  to 
observe  the  performance  of  the 
shafting  we  produce.  It  is  de¬ 
signed  to  give'unfailing  service  ^ 


under  the  most  difficult  operating 
conditions.  That  is  one  reason  why 
aircraft  manufacturers,  and  others 
who  use  flexible  shafting  for  impor¬ 
tant  applications,  specify  “Walker- 
Turner”. 

If  you  have  a  problem  in  remote 
control  or  power  transmission,  get  in 
touch  with  us.  We  have  the  answers 
^  to  a  lot  of  questions  in  our  flies. 

f  WALKER-TURNER  COMPANY,  INC. 

14113  Berckman  Street,  Plainfield,  N.  J. 


FLEXIBLE  SHAFTING 

FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 
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ITT 


any  official  announcement  tr 

made.  To  anybody  who  wag 
quainted  with  British  p..  tents  t 
very  name  of  Watson-Watt  told 
good  story,  as  for  several  years  i 
fore  the  war  his  name  had  b« 
coupled  with  patents  connected  wi 
radio  direction  finding,  radio 
passes,  cathode-ray  tubes,  etc. 

Just  before  war  broke  out  I  m.; 
a  special  trip  to  a  certain  plant 
gather  details  of  a  cathode-ray  coi 
pass.  The  tube  was  supported 
gimbals  and  the  beam,  deflected  t 
the  Earth’s  field,  caused  electric 
changes  for  a  new  type  of  marine 
compass.  All  this  was  quite  clear  i 
the  device  had  been  shown  at  a  pu 
lie  exhibition  in  January,  1939.  Hoi 
ever,  a  few  hours  before  I  arriw 
there  had  been  a  frantic  telepho; 
call  from  a  government  departme 
forbidding  the  manufacturer  to  slw 
me  anything.  I  have  often  laughed  i 
how  some  obscure  government  d 
cial  must  have  decided  that  what  In 
been  public  must  suddenly  becoi 
secret. 


is  a  mechanical 


JOBS  EASY  The  Cherry  Rivet 

blind  rivet  made  of  aluminum 
alloy.  It  is  applied  by  one  man  using  a  power  or  hand  oper¬ 
ated  gun.  No  bucking  bar  is  required. 

Its  positive  mechanical  action  gives  it  high  shear  and  fatigue 
values  which  have  been  proved  under  the  severe  vibration  and 
stress  conditions  encountered  in  combat  aircraft.  - 

There  are  undoubtedly  many  places  in  your  business  where 
Cherry  Blind  Rivets  can  be  used  to  speed  production  and  re¬ 
duce  manufacturing  costs.  Before  completing  your  plans  for 
any  new  products  or  manufacturing  methods,  investigate  the 
possibilities  of  this  new  but  proved  way  of  riveting. 


Popular  Bibliography 

A  REFERENCE  GUIDE  to  ultrahigh  fr: 
quencies  prepared  by  Miss  Elizabeti 
Kelsey,  engineering  correlator  for  tb 
Zenith  Radio  Corp.,  has  been  et 
thusiastically  received  by  thousan- 
of  engineers,  physicists,  teaihe; 
and  men  in  the  communications  i 
visions  of  the  armed  forces.  So  irrs 
has  been  the  response  that  a  ne 
book  has  been  issued,  containing  n 
only  additions  to  the  reference  gu - 
but  also  a  section  that  compri?: 
brief  biographical  sketches  of  tr 
great  men  of  science  who  have  c ! 
tributed,  directly  or  basically,  to  ts 
development  of  present-day  tec: 
niques.  These  are  presented  in 


WRITI  FOR  HANDROOK.  Get  the 

complete  story  on  Cherry  Rivets  in 
Handbook  A-43.  Address  Dept.  A-120, 
Cherry  Rivet  Company,  231  Winston 
Street,  Los  Angeles  13,  California. 


From  loH  to  right .  .  .  the  teff- 
plugging  typo  with  brazior  and 
countorsunk  hoodt . . .  tho  hollow 
typo  with  both  tty  lot  of  hoodt. 


CHEMY  UVETS,  THEIR  MANUFACTURE  AND  AFFUCATION 
ARE  COVERED  BV  U.  S.  PATENTS  ISSUED  AND  PENDING. 
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h!s  young  lady,  too,  is  on  the  lookout  for  trouble.  With 
microscope  she  is  examining  pivots  to  be  used  in  Simpson 
.rr!c.il  instruments  and  testing  equipment. 

From  start  to  finish  these  pivots  have  been  processed  en- 
cl\  right  in  the  Simpson  plant.  Rounded  on  ends  in  true 
l  yrical  form  .  .  .  specially  heat-treated  to  make  them  hard 
r  long  wear,  tough  to  withstand  shocks  and  vibration  .  .  . 
.nd  and  lapped  to  a  mirror  finish  to  prevent  rusting. 

I  To  the  naked  eye  each  one  is  a  model  of  delicate  pre- 
;  II  But  Simpson  doesn’t  stop  there.  It  is  this  young  lady’s 
'  to  search  out  any  microscopic  flaw  that  might  affect  an 
-  iniu  nt’s  accuracy. 

The  same  meticulous  care  attends  every  step  of  manufac- 
t  a.  Why?  Because  Simpson  instruments  are  going  forth  to 
of  vital  importance,  on  the  home  front  and  the  fighting 
Hits  alike.  Because  it  is  our  job  not  only  to  make  all  we 
n,  but  to  make  them  the  best  we  can. 


SIMPSON  ELECTRIC  COMPANY 

S200-S218  Kinzie  St.,  Chicago  44,  Illinois 


Stamps  for  Victory 

tlr  TRONICS  — Arm;cm6er  1943 


TROUBLE 


You  wouldn’t  find  it  much  fun,  sitting  on 
a  hill  looking  for  Japs.  That’s  what  this 
soldier  is  doing,  on  a  battlefield  some¬ 
where  in  the  South  Pacific.  Every  tree, 
every  bush,  every  slightest  movement  must 
be  scrutinized  carefully.  Everything  may 
look  peaceful  enough,  but  there’s  plenty 
of  trouble  out  there.  And  the  big  idea 
is  to  track  it  down,  before  it  finds  you. 
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on^  of  the  book,  which  begins 
Pythagoras  and  Thales  und 
through  to  men  of  the  p  resent 
giving  interesting  highlights  ij®^ 
lives  of  each. 

Part  two  contains  a  compr^^l 
sive  bibliography  of  published 
on  ultrahigh  frequencies  and  con^l 
references  to  books,  Prooeedini^H 
the  IRE  and  miscellaneous  engin^l 
ing  publications.  These  are  listed^l 
der  ten  subheads  and  include  V^| 
wave  guides,  tubes,  measureiae^B 
wave  propagation  and  use  in  avia^| 

The  book  is  entitled  TraU  bIo^I 
to  Radionics  and  Reference 
Ultra  High  Frequencies  and  is 
able  with  the  complime^  of 
Zenith  Radio  Corp.  Requests  H 
copies  should  be  sent  to  E. 

Zenith  Radio  Corp.,  680  North 
gan  Ave.,  Chicago,  Ill. 


WGAR-WItBC  Frequency 

Changes 

The  FCC  has  announced  a  propa 
decision  to  grant  the  application 
WGAR  to  change  its  frequency  fr 
1480  kc  to  1220  kc,  paving  the ;; 
for  50, 000- watt  operation  on  the  e 
frequency  after  the  war.  An  i 
crease  in  nighttime  power  from  l,i 
to  5,000  watts  and  a  change  in  tn 
mitter  site  are  included. 

The  change  will  not  involve  t 
use  of  critical  materials  since  the  r 
tion  has  crystals  for  1220  kc  and  si 
hcient  wire  for  transmission  line 
hand.  A  portion  of  the  copper  w; 
necessary  for  the  ground  system 
also  on  hand  and  additional  wire 
be  obtained  by  salvaging  the  fonr, 
ground  .system  of  WJR,  Detroit 
farmhouse  will  be  employed  to  hn: 
the  transmitter.  The  cost  of  movij 
towers  and  equipment  has  been  esij 
mated  at  about  $5,000. 

A  construction  permit  is  to  i 
granted  to  WHBC,  Canton,  to  occj; 
the  old  frequency  of  WGAR,  14; 
kc,  when  that  station  vacates  t 
channel.  WHBC  will  lease  the  WCt4 
auxiliary  transmitter,  includi; 
crystals  and  coupling  equipme; 
Seven  22-foot  sections  of  the  prese 
492-foot  tower  will  be  removed 
used  to  form  an  additional  to« 
for  a  directional  antenna. 


ExMples  from  the 
List  of  KELLOGG 
MHitary  Prodvcts 


•  Put  yourself  in  a  fighter  pilot’s  shoes  . . .  fighting 
off  enemy  planes  far  from  your  base  .  .  .  desperately 
trying  to  keep  in  radio  communication  with  your  fight¬ 
ing  friends.  In  the  midst  of  deafening  gun  and  engine 
noise  ...  so  loud  you  can’t  hear  your  own  voice  .  .  . 
you  speak  and  you  know  your  words  will  get  through 
clearly,  in  spite  of  the  roar  that  fills  your  cockpit.  Be¬ 
cause  you’re  wearing  throat  microphones — a  pair  of 
tiny,  compact  "mikes”  that  fit  snugly  against  the  throat. 
Words  are  picked  up  directly  from  the  vocal  cords. 
Outside  noises  can’t  get  in  to  garble  your  message. 
What’s  more,  this  modern  microphone  leaves  your 
hands  free  for  the  tough  job  of  flying  as  you  flght. 

And  when  you  land  safely  at  your  base,  and  inspect 
that  throat  microphone,  you  might  find  the  name 
"Kellogg”  stamped  on  it.  For  this  company  is  supplying 
them  to  the  Armed  Forces,  along  with  great  quantities 
of  other  types  of  communication  and  industrial  electrical 
equipment.  Some  of  these  products,  all  the  result  of  fine 
engineering  and  precision  manufacture,  as  shown  here. 

KELLOGG  SWITCHBOARD  &  SUPPLY  CO. 

6638  So.  Cicero  Ave.,  Chicago  38,  Illinois 
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Cfcgmtur  Milrrn  Relay  Explosion  Proof  and  Dust  Proof; 
serves  a*  effective  arc  quench. 

Cspodry— Rated  at  25  amperes;  operates  satisfactorily 
at  50  amperes;  tested  without  failure  at  120  amperes 
high  inductive  load. 

■id Compsxt— Standard  model  above  (S47D)  weight  only 
4.7  ounces;  overall  dimensions  as  follows:  Height, 

I  9/16";  Width.  I  21/64";  Length  (less  base). 

I  7/16";  Overall  of  base,  2  1/16";  Mounting  holes, 
center  to  center,  1  3/4". 

?  Anfan— Overtravel  spring  insures  positive  contact 
pressure  and  instant  "break"  release. 

Proof— Factory  adjusted  and  sealed;  protection  against 
unauthorized  re-adjustments. 


Confects — If  worn  from  excessive  use  contacts  may 
be  reversed  in  the  held,  thus  providing  new  surfaces 
[  without  disturbing  adjustment. 

sti'r.ns^Normal  Coil  Rating.  24  volt  -  150  m.  a.  -  3.6 
watts.  Contact  Rating.  25  amps,  inductive  load  at 
30  volts. 

Unit  has  withstood  Army  tests,  including  overload; 
vibration  55  cycles  per  second  with  .06"  excursion; 
acceleration  of  10  gravity  units;  salt  spray  tests  of 
240  hours  duration. 


SEALED  MIDGET 
RELAY 

‘PnecUioH  madet 
^i^Ae4t  ^Utitudef 


PRODUCTS  SUPPLY  CO. 

Affiliated  with  Electrical  Products  Corp. 

1140  Venice  Blvd.  Los  Angeles  15,  Calif. 
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New  Tubes 


1 

ftW  O®*^  °o  ■?'° 

,KO®„.,b»V  ^  (.tv 

^?'fsO®'.L®^^  otO^V  ^  fw'^l 


Three  new  tubes  have  beeg_ 
nounced  by  RCA-Victor  Divisi  J 
RCA  and  are  available  to  eqi 
manufacturers  for  use  in  crmj 
with  WPB  rated  orders. 

One  of  the  new  tubes  is  the 
a  midget  diode  for  VHF  use,  ha 
a  resonant  frequency  of  about 
Me.  It  has  a  peak  plate  current 
ing  of  15  ma  and  a  peak  inverse 
voltage  of  750  volts. 

Two  power  amplifier  pentodes 
combined  in  a  GT-type  glass  esv 
in  the  12L8-GT,  another  new 
They  have  a  common  cathode 
each  section  can  handle  a  power 
put  of  one  watt  with  ten  percent 
tortion  in  class  A  operation.  P 
pull  or  parallel  connection  of  the 
tions  may  be  used.  The  heater 
quires  0.15  ampere. 

The  third  tube  announced  is 
6AK6,  a  power  amplifier  pentc4 
the  miniature  type,  whose  elw 
characteristics  are  essentially 
same  as  the  6G6-G.  In  class  A  o; 
tion  a  single  tube  can  handle  a 
imum  signal  output  of  1.1  watts 
ten  percent  distortion. 


Typ*  9006.  a  midget 
diode,  hoe  double  H 
leads  to  plate  and  cath- 
ode  lor  VHF 


Type  6AK6.  miniature 
power  amplifier  pen¬ 
tode.  electrically  simi¬ 
lar  to  6G6-G 


Type  12L8-GT.  double- 
pentode  power  ampli- 
Her  with  common  cath-  jf' 

ode  Cl,.  '  ' 


Science  Talent  Search 


High  school  students  will  taki 
special  aptitude  examination  in  ti 
home  communities  between  De; 
ber  3  and  27.  The  40  that  passi 
otherwise  qualify  will  attend  a  i 
day  session  of  the  Science  Talent 
stitute  in  Washington  next  Fes 
ary.  Final  tests  during  the  ses-i 
will  determine  scholarship 
provided  by  Westinghouse. 
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I  rriHis  CHART  shows  the  increase  in  per-  incorporating  the  principle  of  the  perma- 

J.  manent  magnet  energy  due  to  metal-  nent  magnet — and  that  you  utilize  the  serv- 

'  lurgical  research  during  the  past  33  years.  ices  of  the  largest  exclusive  maker  in  this 

From  1910's  conventional  horseshoe  field.  Chances  are  that  permanent  magnets 

magnets  to  today's  intricate  rotor  magnets,  will  improve  the  functions  and  increase 

we've  constantly  developed  new  shapes  the  uses  of  your  products,  and  they  may 

and  new  applications  from  these  new  even  bring  to  light  possibilities  that  you 

metals.  And  doing  this  one  job  especially  hadn't  thought  of  before, 

well  has  made  possible  countless  new  Though  our  plcint  is  devoted  entirely  to 
products,  including  some  of  the  war's  most  war  orders,  our  engineers  will  be  glad  to 

;  complicated  devices.  consult  with  you.  Write  for  the  address  of 

[i  If  you  are  planning  war  or  post-war  prod-  our  office  nearest  you  and  a  copy  of  our 

j  nets,  we'd  like  to  suggest  that  you  consider  30-page  "Permanent  Magnet  Manual." 

[  Two  Woys  to  Back  the  Attodt:  Buy  More  Wor  Bonds  ond  Increase  Produrtionl 
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SPECIALISTS  IN  PERMANENT  MAGNETS  SINCE  1910  ★ 

^  6  NORTH  MICHIGAN  AVENUE  •  CHICAGO  2,  ILLINOIS 
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Going  Up  ....  through  development! 
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f  Tfom  ATMOSPHERIC  \ 
r  TSSTING  PnOBLSMS  i 


British  Engineers  Election 

At  the  eighteenth  annual  g 
meeting  of  the  British  Instituti 
Radio  Engineers,  held 
Sir  Louis  Sterling  was 


gen? 
-tion 

in  Lond 

unaniiDot 

re-elected  president  for  the  com 
year.  Vice-Admiral  the  Lord  Lo 
Mountbatten,  who  was  recet 
placed  in  charge  of  the  Allied  c( 
mand  in  Central  Asia,  was  electa 
vice-president,  as  were  Sir  Willi 
Noble,  Leslie  McMichael,  James  R 
inson,  and  Air  Vice  Marshal  R. 
Aitken. 


Electronic  Megaphones 
Portable  electronic 


naegaphoii 
manufactured  by  Guided  Radio 
poration  of  New  York  for  the  Nai 
are  also,  according  to  the  compai 
supplied  to  vessels  of  the  Maritii 
Commission  and  War  Shipping 
ministration.  In  addition,  the  met 
phones  are  used  by  the  Army  Trai 
port  Service  and  the  Coast  Gus 
and  have  been  supplied  to  some  lei 
lease  vessels. 


Soived  4  AMCOI L 


Many  manufacturers  present  American  Coils  Com¬ 
pany  with  difficult  testing  problems.  A  typical 
problem  solved  by  Amcoil  was  as  follows: 


OWI  Reviews  War 
Communications 


TEMPERATURE 


•The  product  had  to  withstand  a  temperature 
drop  of  from  room  temperature  to  minus  95"  F.  in  105 
minutes.  Amcoil  did  it  in  90  minutes.  It  then  had  to  come 
back  to  room  temperature  in  35  minutes.  Amcoil  did  it 
•  in  30  minutes. 

From  room  temperature  it  had  to  rise  to  160*  F.  in  35 
minutes.  Amcoil  did  it  in  30  minutes. 

iHf  TIT— This  same  product  had  to  operate  under  the  follow¬ 

ing  conditions: 

1.  140*  F.  at  95%  relative  humidity  for  Vi  hour. 

2.  140*  F.  at  30%  relative  humidity  for  1  hour,  change  to 
100*  F.  and  20%  relative  humidity  and  hold  for  Vz  hour. 

3.  Return  to  95%  relative  humidity  at  100*  F.  and  hold  for 
Vi  hour. 

4.  Hold  at  75*  F.  and  50%  relative  humidity  for  18  hours. 

Model  RTCl-AA  with  humidity  attachment, 
occupying  a  floor  space  of  only  42"  deep  x  71" 
wide  X  91 high,  with  net  interior  dimensions 
9  of  52"  long  X  30"  deep  x  27V^"  high  solved  this 
problem  with  ease.  A  cross-ambient  control  pre- 
vents  overshooting  at  humidities  and  tempera- 
tures  close  to  actual  room  conditions. 

Amcoil  manufaaures  a  complete  line  of  atmos- 
pheric  and  stratospheric  testing  equipment  to 
meet  your  requirements.  Special  testing  problems 
not  covered  by  our  regular  line  are  handled  indi- 
vidually  by  Amcoil’s  war-seasoned  engineers. 


A  SUMMARY  OF  U.  S.  communicatiol 
in  the  war  has  been  issued  by  the  0 
fice  of  War  Information  on  the  bai 
of  data  supplied  by  eight  governme 
agencies  and  labor  and  industrial  o 
ganizations.  Portions  of  the  repo 
that  concern  radio  and  electronic  su 
jects  follow. 

Military  communications  form  oi 
of  the  biggest  parts  of  the  pictui 
and  the  great  numbers  of  men  ei 
rolled  in  the  Signal  Corps  and  in  th 
Naval  Communications  Service,  a 
well  as  the  vast  amounts  of  commun 
cations  equipment  used  by  thes 
services,  account  in  large  measur 
for  the  manpower  and  equipmen 
shortages  in  civilian  communication! 

The  Signal  Corps  alone  is  noi 
twice  the  size  of  the  peacetime  rega 
lar  Army  and  numbers  280,000  raei 
and  28,000  officers.  In  addition,  largi 
numbers  of  communications  persor. 
nel  are  distributed  among  the  othei 
branches  of  the  Army  as  airplas 
and  tank  radio  operators,  “walkie 
talkie”  and  “handy-talkie”  carrier! 
and  message  runners.  Many  selec 
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0.00002  to  10,000  VOLTS! 
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MODEL  300 
ELECTRONIC 
VOLTMETER 


BALLANTINE 

ELECTRONIC 

AC  VOLTMETER 

AND  ACCESSORIES 


MODEL  505 
ARTIFICIAL  EAR 
0 


MODEL  402 
MULTIPLIER 


This  enormous  range  of  voltages — five  hundred  mil¬ 
lion  to  one — is  accurately  covered  by  our  Model  300 
Electronic  Voltmeter  and  some  of  the  accessories 
shown  above.  Frequency  range  10  to  150,000  cycles. 
Accuracy  2%  over  most  of  the  range.  AC  operation. 
Five  decade  ranges  with  logarithmic  scale  make  read¬ 
ings  especially  easy.  Uniform  decibel  scale  also  pro¬ 
vided.  Over  a  thousand  of  these  instruments  are 
giving  excellent  service  in  Government,  commercial 
and  university  laboratories  and  factories. 

Send  for  Bulletin  8 


\  MODEL VP^" 
i  VIBRATION 
;  PICKUP 


MODEL  220 
DECADE  AMPLIFIER 
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ELECTRONIC  GENERATOR 

ANOTHER  GREAT  SOURCE  OF 

TEST  POWER 


ing  in  fifty  military  and  268  civilia 
schools. 

Mature  men  with  specialized  had 


First 


ground  are  still  needed  by  the  Signs 
Corps:  the  Corps  could  use  all  th 
-lectrical  engineers  and  electron 
physicists  that  it  could  find.  As  t 
equipment  and  parts,  the  Sigi, 
Corps  had  at  the  end  of  1942  slight 
exceeded  its  procurement  objective 

As  a  result  of  the  great  mobilit 
of  units  and  their  frequently  wid 
separation  from  one  another,  radi 
communications  far  outweigh  wir 
communications  in  this  war  even  i 
the  Army.  Of  the  Signal  Corps’  $5, 
000,000,000  communications  equin 
ment  procurement  program  for  thi 
year,  approximately  90  percent  i 
destined  to  be  spent  on  radio. 

Total  radio  production  in  thi 
country,  which  about  a  year  ag; 
stood  at  $30,000,000  a  month,  is  no^ 
up  to  $250,000,000  a  month,  a  consid¬ 
erably  greater  rate  of  increase  thac 
that  of  total  war  production.  All 
such  production  is  for  the  armed 
services. 

Home  Receivern 


ELECTRONIC  GENERATOR 


If  automobile  sets  are  included, 
there  are  60,000,000  receiving  set? 
in  the  United  States.  Since  there  ar 
only  about  31,000,000  “radio  fam¬ 
ilies”  in  the  country,  it  is  apparent 
that  a  number  of  American  families 
own  more  than  one  radio. 

Many  domestic  receiving  sets  are 
deteriorating  from  age  and  lack  of 
adequate  service,  the  greatest  diffi¬ 
culty  being  in  the  securing  of  tubes. 
During  the  early  part  of  this  year 
large  numbers  of  tubes  destined  for 
civilian  use  were  taken  over  by  the 
armed  services,  and,  though  the  civil¬ 
ian  program  is  being  pushed,  the  sup¬ 
ply  is  still  tight. 

The  chief  bottleneck  in  the  manu¬ 
facture  of  tubes  is  not  in  material 
but  in  labor.  A  number  of  manu¬ 
facturers  are  now  setting  up  feeder- 
plants  for  tube-making  in  areas 
where  labor  is  available. 


50  to  5,000  CyciM  ia  2  laads 


300  Watts  Coatiaaeas  Daty 


Siagla  dial,  diract  raadiag 
liaaar  seal*  ia  two  raagas — 
50-500:  500-5,000  Cycles.  Cali- 
bratiea  batter  thaa  5%. 


The  need  for  a  source  of  test  power  capable  of 
continuous  duty  In  the  above  ranges  Is  now  fully 
answered  In  CML  1420. 

Frequency  stability  Is  better  than  2%  over  a  24-hour 
period  after  Initial  warm-up.  Normal  performance  Is 
considered  at  either  120  or  270  Volts  R.M.S.  output 
where  the  change  In  output  voltage  from  no  load  to 
full  will  not  exceed  4%.  Output  voltage  may  be  con¬ 
tinuously  varied  with  same  degree  of  regulation  from 
80  to  140  volts  on  the  120  volt  tap  and  the  output 
transformer,  and  from  180  to  300  volts  on  the  270 
volt  tap. 

Descriptive  Butiefin  Sent  on  Request 


Broadcast  Stations 

The  FCC  has  made  an  inventory  of 
excess  radio  equipment  in  the  hands 
of  radio  stations  throughout  the 
country  and  available  for  purchase 
by  other  stations.  Catalogues  listing 
this  equipment  and  its  location  can 
be  consulted  by  stations. 

At  the  suggestion  of  the  War  Pro¬ 
duction  Board,  the  FCC  ordered 
domestic  broadcast  stations,  to  make 


Communication 

Measurements 

Laboratory 

120  GREENWICH  ST.  NEW  YORK  6,  N.  Y. 
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METAL  STRIP 
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. .  .  and  they  found  that  0.00075 -inch 
strip  with  exactly  the  comhination  ot 
properties  they  wanted  is  a  regular  com¬ 
mercial  product  in  IN  CO  Nickel  Alloys 


Whenever  you  need  a  metal  with  a 
combination  of  unusual  properties  . . . 

Look  for  a  ready  answer  among  the 
INCO  Nickel  Alloys.  It  makes  little  dif¬ 
ference  whether  you  want  heavy  hot- 
rolled  plate  two  inches  thick,  or  strip 
as  thin  as  the  foil  illustrated  here. 

This  strip  is  made  of  Pure  Nickel  for 
a  delicate  electrical  application  which 
requires  corrosion  resistance  and  high 
mechanical  properties  in  very  fine 
strip.  Of  course,  every  step  through¬ 
out  the  repeated  cmnealing  and  re¬ 
rolling  operations  is  a  precise,  critical 
test  of  the  metal  rollers'  skill.  Even  the 
air  must  be  kept  clean,  for  a  particle 
of  grit  or  dust  on  the  metal  could  per¬ 
forate  it  during  the  rolling  operations. 
Nevertheless,  this  thin  nickel  foil  is  a 
regular  commercial  product  of  the 
Somers  Brass  Company. 


All  oi  the  8  INCO  Nickel  Alloys  aie  immune  to 
rust.  All  are  high  in  strength  and  toughness.  In 
addition,  each  alloy  has  individual  properties 
that  make  it  uniquely  suited  for  special  appli¬ 
cations. 

"Tremendous  Trifles,"  a  booklet  which  dis¬ 
cusses  the  properties,  sizes  and  forms  of  the 
8  INCO  Nickel  Alloys,  will  be  sent  to  you  on  re¬ 
quest.  The  International  Nickel  Company,  Inc., 
67  Wall  Street,  New  York  5.  N.  Y. 


MONEL  .  "K"  MONEL  •  "S"  MONEL  •  "R"  MONEL 
■  ra"  MONEL  •  INCONEL  .  "Z“  NICEEL  •  NICKEL 
Sheet . . .  Strip .  .  .  Rod . . .  Tubing . . .  Wire . . .  Castings 
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INCO  NICKEL  ALLOYS 
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operating  changes  to  extend  trans® 
mitter  tube  life.  WPB  simplified 
standardized  parts  for  home  radical 
to  assure  wider  maintenance  anS 
repair.  The  FCC,  in  conjunction 
the  Board  of  War  Communication^ 
(BWC)  and  the  Army,  has  also  arl 
ranged  to  silence  any  radio  station  ifl 
danger  of  being  used  by  enemy  airS 
craft  as  a  radio  beacon.  ■ 

Manpower  shortages  are  severA 
in  manufacturing,  maintenance,  an9 
broadcasting.  Young  men  have  beeni 
particularly  predominant  among  thel 
employees  of  the  industry,  and  thel 
need  for  their  services  in  the  SigtulB 
Corps  and  Naval  CommunicationsB 
has  led  great  numbers  of  them  to| 
enlist.  Others,  although  eligible  fori 
draft  deferment  because  of  their  ein| 
ployment  in  essential  communication! 
jobs,  have  not  accepted  deferment-B 
and  in  some  cases  local  draft  boards! 
have  not  granted  it.  I 

In  addition  to  performing  much! 
wartime  research  in  its  laboratories! 
the  radio  industry  has  contributed! 
much  time  and  talent  to  the  broad! 
casting  of  government  war  messages! 
— about  $140,000,000  worth  during! 
1942.  Every  station  in  the  country! 
has  been  making  between  9  and  12I 
announcements  of  war  messages  im 
day,  from  material  furnished  by  var-l 
ious  government  agencies  through! 
the  Office  of  War  Information.  I 

Among  the  stations  contributing  I 
this  wartime  service  are  the  170 1 
domestic  foreign-language  stations,  I 
broadcasting  programs  in  30  foreign  I 
languages  for  about  1,500  hours  a  I 
week,  aimed  at  the  25,000,000  inhabi¬ 
tants  of  this  country,  most  of  them 
American  citizens,  who  speak  at  least 
one  foreign  language.  Of  these,  there 
are  11,000,000  whose  primary  lan¬ 
guage  is  not  English,  and  2,000,000 
who  neither  speak  English  nor  un¬ 
derstand  it. 

Before  Pearl  Harbor  a  consider¬ 
able  amount  of  blatantly  antidemo¬ 
cratic  and  pro- Axis  propaganda  had 
gone  out  over  some  of  the  foreip- 
language  stations.  The  three  ex¬ 
isting  Japanese-language  programs 
went  off  the  air  voluntarily  when  we 
entered  the  war,  but  in  certain  other 
programs  spokesmen  continued  to 
employ  intonation,  inflection  and 
selection  of  news  items  to  put  across 
their  anti-American  views. 

Now,  three  groups  are  concerned 
with  maintaining  foreign-language 
broadcast  security:  the  FBI,  which 
r  checks  personal  history  statements 


Cannon  DPR 


The  40  contaas  in  the  DPR,  shown  above,  present  a  "force 
problem”  in  disconneaing  which  is  solved  by  the  geared  bail. 
It  is  especially  desirable  in  cramped  or  inaccessible  quarters. 
The  DP  series  of  connectors  has  been  developed  exclusively 
by  Cannon,  in  conjunaion  with  airline  engineering  personnel, 
for  communications  work  in  planes  and  tanks.  Cannon  DP’s 
are  the  highest  development  in  elearical  connectors  of  the 
self-aligning  type  for  use  where  space  is  limited  and  connec¬ 
tions  must  be  made  speedily  and  with  absolute  certainty. 


CaiHien  DP-D.  Available  with  insert  ar¬ 
rangements  of  12  to  32  contacts ...  10, 
13,  40  amp,  and  from  one  to  four  co¬ 
axials.  A  "quick  change”  connector.. 


Cannon  DP-P.  Generally  classified  as  a 
panel  type  although  equally  adaptable 
to  radio  rack  assembly.  Has  no  stand¬ 
ard  shell . . .  insert  assembly  only. 


Now  24-Pagn  Bullotin  on  CANNON  DP  CONNECTORS 

gives  general  information  and  description  of  parts,  appli¬ 
cations  as  well  as  dimensional  sketches  and  tabular 
matter.  Write  Dept.  A- 120,  Cannon  Electric  Develop¬ 
ment  Company,  Los  "Angeles,  California. 


KiPKESeNTATIVES  IN  miNCIPAL  CITIES 
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Stackpole  solids  molded 
-  from  powders  are  paving 
the  way  to  new,  up-to-the- 
minute  efficiencies.  These 
products  include  not  only 
the  better-known  Stackpole 
carbon,  carbon-graphite,  and  composi¬ 
tion  products,  including  many  precious 
metal  compositions,  but  also  new,  far- 
reaching  developments  in  solids  formed 
from  molded  iron  and  iron-nickel 
powders.  These  latter  utilize  less  criti¬ 
cal  materials,  eliminate  machining 
operations,  and  can  be  produced  rapidly 
to  exacting  specifications.  Our  engi¬ 
neers  will  gladly  cooperate  in  weighing 
the  possibilities  of  such  developments 
against  your  requirements. 

TYPICAL  STACKPOLI  MOLDID  PIODUCTS 

Pawflar  Iran  and  Iran-Nicknl  Cnmpananis 
Sratkat  and  Canlacli 

(All  carkan,  grapkila,  malal  and  campatHian  typa*) 
Baaringt  a  Anadat  a  flactradai  a  Walding  Radt,  Elaciradat, 
and  Plata*  a  Pipa  a  Iraxing  RIackt  a  Braka  Lining  a  Packing, 
Pitlan,  and  Saal  Ring*  a  Rhaatlat  Plata*,  and  Di*c*,  ate. 

STACKPOLI  ILICTRONIC  COMPONINTS 

Fixad  and  Variakla  Ra*i*tar* 

Maldad  Iran  Cara*  a  Lina  SwHcha* 

snapou  uuoN  company,  st.  maays,  pa. 


^  MOLOEcT  METAL  POWDER, 'ORAPHITE  AND  CARBON  PRODUCTS 
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and  fingerprints  of  all  persons  en¬ 
gaged  in  foreign-language  broad, 
casts ;  the  Office  of  Censorship,  which 
administers  a  voluntary  “Code  of 
Wartime  Practices”  for  the  stations- 
and  the  FCC,  whose  interest  is  in  the 
operation  of  licensed  stations  in  the 
public  interest.  The  stations  them¬ 
selves  are  responsible  for  all  material 
which  they  broadcast,  and  censorship 
is  thus  on  a  voluntary  basis,  exer¬ 
cised  either  by  the  individual  stations 
or  through  an  industry  committee 
the  Foreign  Language  Radio  War¬ 
time  Control. 


ACCURATt 


Television,  Facsimile  and  FM 


The  development  of  television, 
facsimile  and  FM  broadcasting  has 
been  considerably  affected  by  the 
war;  in  each  case  postponement  of 
widened  service  has  been  forced  by 
shortages  of  materials  and  man¬ 
power. 

Facsimile  broadcasting  is  still  re¬ 
stricted  to  commercial  use  only,  in 
connection  with  private  point-to- 
point  operations,  but  when  its  devel¬ 
opment  and  the  development  of  FM 
broadcasting  are  resumed,  the  two 
will  doubtless  be  carried  on  in  con¬ 
junction  with  each  other  on  a  large 
scale. 

In  the  case  of  television,  the  FCC 
limited  the  licensing  of  transmitters 
to  prevent  the  freezing  of  the  tech- 
,nique  at  a  low  level  of  effectiveness. 
Many  new  advances  resulting  from 
laboratory  experimentation  in  con¬ 
nection  with  military  devices  will  im¬ 
prove  transmission  and  reception 
when  television  is  again  allowed  to 
develop  on  a  commercial  basis. 


All  standard  rai 
10  megohms.  For 


ELECTRONIC  CIRCUITS 

INSTRUMENTATION 

RADIO 

CONTROL  APPARATUS  ■' 
HIGH-VOLTAGE  MEASUREMENTS,  ETC. 


Stemdard  tolerance  1%.  (Commonly  calibrated  to 
an  accuracy  of  0.5,  0.25  and  0.1  of  1%.) 


Non-Broadeast  Radio 


Since  our  entry  into  the  war,  cer¬ 
tain  war  plants  have  been  permitted 
to  operate  their  own  radio  stations 
for  communication  in  case  of  emer¬ 
gency.  The  War  Emergency  Radio 
Service,  organized  under  the  admin¬ 
istration  of  the  FCC  and  with  the 
cooperation  of  the  Office  of  Civilian 
Defense,  includes  several  thousand 
of  the  country’s  licensed  fadio  oper¬ 
ators,  among  them  many  of  the  li¬ 
censed  amateurs.  These  operators 
stand  ready  to  substitute  VHF  radio 
communication  for  wire  service,  or 
to  supplement  wire  service,  in  case 
of  enemy  bombings,  other  military 
operations,  or  emergencies. 

A  number  of  the  FCC’s  radio  activ¬ 
ities  are  directed  toward  the  mainte- 


Write  for  Shallcross 
AKRA-OHM  Catalog. 


SHALLCROSS 

mSTRUMINTS 
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2  PARTS 

I9SMTICAL 


Eliminate  stocking  more  than  ono  item. 
Incorporates  AMP  Diamond  Grip  Insula¬ 
tion  Support  feotures. 


posirivt  spuft 


Knife-Switch  principle  affords  4  surfaces 
of  direct  contact  to  assure  maximum  con¬ 
ductivity  through  the  coupling. 


Tensile  strength  of  splice  is  greater  than 
I'  that  of  the  wire  Itself,  yet  assembly  Is 
easily  and  quickly  uncoupled  when  de- 


With  the  tubing  in  place  the  splice  can¬ 
not  be  accidentally  disconnected. 


t 


1.  Unique  locking  principle  using  only  2  identical 
ports  —  no  third  part  to  stock  or  lose. 

2.  Four-point  "Knife-Switch"  wiping  action  assures 
minimum  contact  drop  through  the  coupling,  and  gives 
a  perfect  electrical  connection  even  under  adverse 
conditions. 

3.  AMP  Diamond  Grip  insulation  support  gives  maxi¬ 

mum  protection  for  insulation  at 
"PRECISION  wire  end  of  connection. 
ENGINEERING  4.  Cannot  be  uncoupled  by  pull 
APPLIED  TO  THE  on  the  wire  —  tensile  strain  on 
END  OF  A  WIRE"  tends  to  further  engage 

the  coupling. 

5.  Visual  inspection  after  assembly.  Wire  goes  through 
the  barrel  of  the  splicing  terminal,  insuring  against 
possibility  of  wire  being  only  partly  inserted  in  the 
barrel. 

6.  Makes  a  connection  which  will  withstand  any  but 
the  most  excessive  abuses  in  service.  Flexible  copper 
and  simple  construction  permit  easy  return  to  original 
shape  if  distorted  in  service. 

7.  Insulation  sleeving  slips  over  entire  assembly  with 
ease.  A  fairly  loose  insulation  sleeve  expands  to  clasp 
oval  formation  of  entire  assembly  —  to  remain  firmly 
in  place  until  removal. 

8.  Offset  tongue  acts  as  wire  stop,  preventing  the 
insertion  of  the  wire  to  a  point  where  it  would  inter¬ 
fere  with  the  coupling. 

9.  AMP  crimping  tools  make  all  three  crimps  in  one 
operation. 


TELEPHONE:  HARRISBURG  4-0101 
Canadian  Represantatirc:  ARM  ACCESSORIES.  LTD..  TORONTO,  CANADA 
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nance  of  safety  at  sea.  The 
Sion  has  set  up  special  requi  enie"* 
for  receivers  to  be  used  on  bi^ 
U,  S.  vessels,  and  gives  it.<!  npprov 
only  to  those  types  of  receivers  whio 
do  not  radiate  signals  that  could  - 
tract  the  attention  of  enemy  raider; 

FCC  men  guard  the  special  fr, 
quencies  which  ships  use  to  -end  SO* 
(Ship  Sinking)  and  SSS  tSubmaiin 
Sighted)  signals.  When  such  a  sig 
nal  is  heard  the  Anti-Subniarin 
Command  of  the  Army  Air  Forces  i] 
notified;  planes  are  sometimes  oi 
their  way  to  the  scene  within  fivi 
minutes. 


International  Broadcasting 
All  14  of  the  country 


s  privatel] 

owned  short-wave  broadcasting  sts 
tions  and  eight  commercial  communi 
cations  transmitters  formerly  us« 
for  point-to-point  telephone,  progran 
or  radiophoto  service,  have  t»e« 
leased  jointly  for  the  duration  of  thi 
war  by  the  Office  of  War  Informatiot 
and  the  Coordinator  of  Inter- .Ameri¬ 
can  Affairs  (Cl  A  A).  Twenty-two 
new  transmitters  are  now-  being 
added,  and  on  their  completion  tie 
commercial  transmitters,  consider 
ably  lower-powered,  will  be  droppe;!. 

OWI’s  international  message,  the 
“Voice  of  America, 


is  aimed  at  five 
listening  groups:  enemy  areas,  Axi? 
occupied  areas,  neutral  countries,  the 
United  Nations,  and  Allied  occupied 
areas.  It  is  heard  24  hours  a  day  k 
more  than  40  languages  and  dialects 
To  supplement  this  coverage,  more 


Frequency  Dial  —  direct 
reading  in  cycles  per 
second  —  Jackson  Audio 
Oscillator. 


Integrity  of  Design 


all,  to  fit  the  job.  And  that  spells 
Infegrify  of  Design — whether  called 
by  ftiat  name,  or  some  other. 

Certain  Jackson  instruments  continue 
available  subject  to  W.P.B.  regula¬ 
tions.  We  still  offer  a  wartime  main¬ 
tenance  and  repair  service  for  Jack- 
son  Customers.  Please  write  us  of 
your  needs. 


There  is  a  "hidden"  plus  feature  in  all 
Jackson  instruments-^hat  we  like  to 
call  Infegrify  of  Design.  Which 
simply  means  that  —  from  inception 
through  every  stage  of  development 
— they  are  constructed  with  a  view 
to  performance,  before  price. 

Every  Jackson  electrical  instrument-^ 
multimeter,  tube  tester,  signal  an¬ 
alyzer,  or  whatever — is  built  to  one 
simple  design  principle:  specified  lim¬ 
its  of  accuracy  under  anticipated 
service  conditions.  In  other  words, 
Jackson  instruments  are  built,  first  of 


WIRELESS  TOWER 


All  Jackson  employees— -a  full  100% 
—are  buying  War  Bonds  on  a  pay¬ 
roll  deducfion  plan.  Lef's  all  go 
all-ouf  for  Vicfory. 


An  unusual  control  omd  conununicotta 
towor  at  on*  of  Gonoral  Doolittls's  medioi 
bomber  bases  in  North  Africa,  ii  con¬ 
structed  of  empty  oU  drums.  It  may  not  bt 
pleasing  to  look  ot  but  It  serves  its  pV' 
pose  and  uses  material  readily  availoblt 


JACKSON  ELECTRICAL  INSTRUMENT  COMPANY.  DAYTON,  OHIO 
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VOWEIfi 


METALLIC 

RECTIFIERS 


CTHE  key  to  many  a  puzzling  new  in- 
dustrial  development  is  frequently  the 
right  application  of  Power  Conversion.  At 
the  heart  of  many  of  today’s  electrical 
marvels  is  a  Metallic  Rectifier  Stack.  Equip¬ 
ment  designs  once  believed  impossible  or 
impractical  are  now  in  common  daily  opera¬ 
tion-rendering  efficient,  dependable  service. 

Are  you  working  on  any  ideas  involving 
D.  C.  Power  Supplies,  Metallic  Rectifiers,  or 
Conversion  Assemblies?  Our  Engineers’  ex¬ 
perience  in  solving  many  such  problems  is 
at  your  service.  There  is  no  obligation. 

Writ*  today  on  your  business  lotterhood  for  Bulletin  66 
giving  full  details  on  B-l  Metallic  Rectifiers. 


THE  BENWOOD  LINZE  COMPANY  •  ST.  LOUIS,  MO. 
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Sulphide 


Selenium 


Designers  and  manufacturers  of  Capper  Sulphide  and  Selenium  Rectifiers, 
Battery  Chargers,  and  D  C.  Power  Supplies  for  practically  every  requirement. 


V. 


pared  by  various  gov-rnniM] 
agencies — the  networks  providii 
the  talent  and  the  direction. 

There  are  many  indications  -sor 
of  which  must  remain  secrets  of  w 
— as  to  the  effectiveness  of  the  “Voi 
of  America”  in  combating  Aj 
propaganda  and  spreading  the  mea 
ing  of  our  cause.  The  day  after  t 
nvasion  of  North  Africa,  when  itw 
of  paramount  importance  to  rca( 
French  listeners  in  North  Africa  ai 
France,  the  Berne  correspondent 
the  New  York  Times  cabled  h 
paper:  >, 

“American  broadcasts  are  listen( 
to  day  and  night  and  it  is  certain 
great  impression  has  been  made.  Tl 
French  may  be  skeptical  but  they  ai 
also  sentimental  and  President  Roos 
velt’s  reference  to  ‘France  eUrna 
dimmed  many  an  eye.” 

A  dispatch  from  Stockholm  to  th 
Washington  Star  declared: 

‘‘Paul  Joseph  Goebbels  has  be. 
fighting  a  losing  battle  here,  wher 
American  propaganda  has  slow! 
overwhelmed  the  Nazis’  energcl! 
and  carefully  planned  effort  to  dr 
vince  the  Swedes  that  Germany  ha 
right  on  her  side  and  is  bound  to  w!: 
the  war.” 

In  French  Guiana  and  Martinique 
OWI  broadcasts  were  an  imporf>i" 
influence  in  bringing  about  the  dowr.l 
fall  of  the  pro-Vichy  governors  ai  j 
the  going  over  of  the  colonies  to  the 
United  Nations. 

The  OWI  has  maintained  coneta  ! 
two-way  radio  contact  with  Algiers 
and  North  African  stations,  hi.!; 
medium  and  short  wave,  relay  rimn; 
United  States  programs  to  Eurui 
on  a  daily  basis. 


Around  the  World 


Serve  Pan  American  Ainvavs’  Bases 


At  Pan  American  Airw'ay  Systems’  air  bases  everyw'here  .  .  .  scores 
of  planes  arriving  daily  . . .  pilots  calling  for  landing  instructions  .  .  . 
messages  that  must  reach  the  ground  stations  ...  all  placing  a  great 
responsibility  on  the  communications  equipment.  That  is  why  Pan 
American  uses  hundreds  of  ERGO  fixed  frequency  Receivers  which 
are  designed  for  communication  or  pick  up  applications  where  a 
high  degree  of  stability  and  selectivity  are  necessary*. 

For  the  “know-how”  engineering,  and  built-in  quality  of  ERGO 
equipment  assure  dependable  communications  under  the  severest 
climatic  conditions. 

And  many  other  users,  likewise,  recognize  the  superior  design  and 
construction  of  ERGO  radio  equipment,  among  which  are  various 
aircraft  manufacturers  (for  control  towers) ;  Socony -Vacuum 
Company;  U.  S.  Goast  Guard;  U.  S.  Signal  Gorps,  and  other  promi¬ 
nent  users  whose  applications  include:  Police,  Marine,  Forestry, 
Relay  Broadcast,  Point  to  Point,  and  general  communications. 

Further  particulars  furnished  upon  request. 


South  American  Broadcasts 

In  this  hemisphere,  OWI  servv^ 
the  three  South  American  colonie; 
of  foreign  powers  and  the  West  In 
dies  colonies.  The  CIAA,  on  the  otbe; 
hand,  works  with  all  twenty  of  thi 
independent  American  reputi’ii’' 
sending  out  a  total  of  650  short-wav; 
programs  a  week,  ranging  in  leng'J 
from  five  minutes  to  half  an  hour.  0 
these,  153,  which  are  aimed  at  Brazi 
only,  are  in  Portugese.  One  hundrei 
eighty-six  are  in  English  and  211  ii 


ERCO  RADIO  LABORATORIES 


HEMPSTEAD,  NEW  YORK 

Moaufocfarers  of  CUSTOM  BUILT  RADIO  APPARATUS 
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Another  Acadia  Plastic — Styraloy*  .,1 

eombiD»t  tb»  low  tomporataro  floxibillty  of  rubbor  ’ 
and  elocMcat  propmrtioB  approaching  thoBo  of 
PoIrBtjTmttB,  and  in  idmal  for  numarouB  nIoctricaJ 
app/ieaiionB.  Full  information  on  formB  araHablm 
to  data  and  phyBicat  and  ninctricat  proportion  may 
bo  had  on  roquoBt. 

*LiconBoo  of  Dow  Chomical  Co. 


Tbe  combin^o^  in 

„  .»»»!  i" 

S ^  •?, 

Moi.tuie  wd«  ‘^^e.tigatlon  ol 

A»<“*  *■“'!•«  i“«^*^**  •«  “ 

. . . 

pwmor  f io*cTc\«*"  . cvoit  «»•  ®2sOU)600 

'A-  tup  bT  St.P  10‘» 

^  . .  •  •  -g;,  Co0ti»uo«. 

"  owl*!"  _  n  s 

Acadl-  syntt****  ^  W  O  «  »S  * 


Spanish.  Most  Cl  A  A  pr  rramg  Si 
produced  by  NBC  and  (  8S, 
contract.  ’ 

Since  its  programs  do  not  goli 
enemy  or  enemy-occupied  countrB 
where  short-wave  broadco  13  are  <| 
only  means  of  communicanon,  Cfflc 
is  able  to  use  other  forn  s  of 
munication  to  a  greater  dtnjree  tfl 
OWI ;  some  of  its  prograrus  are  iS 
mt  of  the  United  States  by  adio  tS 
phone  and  rebroadcast  loc  illy,  niaBs 
others  are  produced  locally  in  S' 
Latin-American  countries.  S' 

CIAA  makes  greater  use  of  tr^E 
scription  than  does  OWl.  CIaS 
short-wave  broadcasting  is  done  oS 
the  same  stations  used  by  OWl  dI 
its  peak  of  activity  comes  at  a  dS 
ferent  time — 5  p.m.  to  raidnieS 
Eastern  War  Time,  OWI’s  slack  pS 
iod,  being  CIAA’s  period  of  greatS 
activity.  CIAA  broadcasts  akS 
eight  hours  a  day.  ■ 

Foreign  News  ■ 

Although  few  Americans  listen  I 
them,  short-w'ave  broadcasts  frol 
Germany  come  to  this  country  ■ 
hours  every  day  and  from  Japan  ■ 
hours.  Other  short-wave  program 
come  from  our  Allies,  our  Lall 
American  neighbors  and  neutrals.  I 

To  keep  government  agencies » 
the  armed  services  informed  of  til 
contents  of  these  foreign  broadcaNl 
the  Foreign  Broadcast  Intelligerl 
Service  (FBIS)  of  the  FCC  covJ 
about  2,500,000  words  a  day,  si<:l 
marizes  and  digests  the  broadcarl 
records  the  more  important  of  thJ 
translates  them  from  35  or  more  lai 
guages  and  dialects,  and  finally 
on  the  intelligence  which  they  c 
tain  to  the  government  departmei 
concerned*.  The  OWI  checks  the  FC 
I  intercepts  of  German  shortwai 
propaganda  against  what  the  G 
mans  are  saying  to  their  own  pcoi’ 
or  with  contradictory  statemei 
which  prove  the  falsity  of  the  sturli 
they  broadcast  to  America. 

The  FBIS  forms  part  of  the  widi 
spread  United  Nations  network  ( 
radio  interception,  cooperating  t 
’  pecially  with  OWI  and  with  Briti- 
and  Dominions  interception  servi-; 
all  over  the  world,  with  interehar^ 
of  findings.  The  FBIS  monitors  fc 
the  Army  all  messages  from  Ame. 
can  prisoners  of  war  forwarded  1 
Axis  radio.  These  are  forw'arded  t 
the  War  Department  for  notific;.* 
of  relatives. 

Details  of  the  bombing  of  Tor 


Eliminate  waste  of  materials— cut  out  unneces¬ 
sary  weight — speed  up  your  assembly  and  re¬ 
duce  costs  by  using  Self-Locking  PALNUTS  to 
hold  light  radio  and  electronic  parts  tight. 
Made  of  spring  steel,  Self-Locking  PALNUTS 
exert  a  powerful  double  locking  action  that 
holds  parts  tight.  PALNUTS  weigh  from  70  to 
90%  less  than  other  fastenings — require  only 
three  bolt  threads  space — apply  easily,  speedily 
with  hand  or  power  drivers — cost  less  than 
half  as  much  as  most  other  locking  devices. 
Wide  range  of  sizes  and  types  for  prompt 
delivery.  Outline  your  assembly  for  recommen¬ 
dation.  Write  today  for  PALNUT  Manual 
No.  2  giving  full  details. 


DOUBLE  LOCKING  ACTION 

When  Ml*  PALNUT  it  wranch  tigM- 
anad,  its  archad,  tIoHad  {awt  grip  tha 
bolt  Ilka  a  chuck  (B-B),  whila  spring 
tansion  it  axartad  upward  on  tha  bolt 
thraad  and  downward  on  tha  part 
(A-A),  tacuraly  locking  both. 
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man  Offers  This  New  Line  Of  Miniature  Motors 
For  Special  Applications 

new  line  of  miniature  motors  with  special  remote  indication  and 
caronic  control  applications  has  bwn  developed  by  Kollsman 
5cruinent  Division  of  Square  D  Company.  Design  engineers  of 
Litrical  and  elearonic  equipment  manufacturers  will  find 
ollsman  engineers  ready  to  assist  them  in  applying  and  adapting 
cse  motors  to  their  specialized  requirements. 

Complete  information  and  performance  data  on  the  live  units 
^ribeil  here  can  be  obtained  from  this  catalog.  Write  to  Kollsman 
i^frument  Division  of  Square  D  Company,  80*10  45th  Avenue, 
ir.hurst,  New  Yoik. 
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aECTRICAL  tOUIPMENT  •  KOLLSMAN  AIRCRAFT  INSTRUMP4TS 


A:  KOLLSMAN  TWO-PHASE  GENERATOR -High  impedance,  permanent  magnet, 
two-polc  generator,  capable  of  operating  at  speeds  up  to  2500  R.P.M.,  deliver¬ 
ing  up  to  83  volts.  Compact,  light  in  weight,  and  designed  to  operate  under 
widely  varying  temperature  and  humidity  conditions. 

I:  KOLLSMAN  TELETORQUE  UNITS— Self-synchronizing  motors  operating  in  same 
manner  as  Telegon  units.  Capable  of  remotely  indicating  movement  produced 
by  relatively  low  torque  prime  movers  but  may  be  used  advantageously  in 
some  remote  control  applications.  Up  to  1.56  in./oz.  peak  torque. 

0  KOLLSMAN  DRAG  CUP  MOTOR— Specially  designed  high-speed  precision  motors 
for  applications  requiring  quick  starting,  stopping  and  reversal  characteristics. 
This  performance  is  obtained  through  the  use  of  a  light-weight,  low  inertia 
rotor  of  unique  design.  Stalled  torque,  .50  to  .70  in./oz. 

D:  KOLLSMAN  ROTATABLE  TRANSFORMERS -Two-pole  motor-like  devices  with 
high  impendance  phase  windings  and  single  phase  rotors.  Voltage  output  range 
0  to  56  volts  with  60  cycle,  32  volt  input  and  0  to  193  volts  with  400  cycle, 
110  volt  input.  May  be  rotated  at  any  speed  up  to  1800  R.P.M. 

E:  KOLLSMAN  TELEGON  UNITS -Self-synchronous  motors  for  use  where  only 
an  extremely  small  amount  of  torque  is  available  from  prime  mover.  Also 
suitable  for  use  as  a  rotatable  transformer  on  such  applications. 
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announced  on  Japanese  broad( 
home  listeners,  were  nrst 
over  the  monitoring  radio  i] 
land. 


Axis,  international  radiotelej 
service  to  and  from  the  U 
States  has  been  greatly  ext( 
since  the  beginning  of  the  war 

Prior  to  Pearl  Harbor,  radii 
graphic  communications  betwee 
United  States  and  Australia  we; 
layed  via  Montreal.  Now  the  t 
is  routed  over  direct  circuits, 
direct  radiotelegraph  circuits 
been  established  to  Egypt,  Ice 
Paraguay,  Bolivia,  New  Caled 
Greenland,  New  Zealand, 
French  Equatorial  Africa,  Bel 
Congo,  Algiers,  British  Gold  C 
Bermuda,  Afghanistan,  and  nu 
ous  points  in  European  and  As 
USSR  and  unoccupied  China. 

To  each  new  point  to  which  s 
ice  is  inaugurated,  only  one  com; 
is  permitted  to  operate.  Shortagi 
materials  and  the  limited  numbe 
long-range  channels  available 
out  parallel,  competing  circuits, 
vilian  use  must  be  held  to  a  niinb 
if  any  essential  military  services 
to  be  handled  in  the  already  cro? 
radio  spectrum.  . 


Available  with 

r  Various  Electrical  Characteristics 


I-F  AMPLIFICATION.  AUDIO  AMPUFICATION 


Flat  Rate  for  Soldiers 

In  June,  1942,  special  low-pr 
cable  and  wireless  message  r 
were  made  available  to  member: 
the  American  Expeditionary  Foi 
and  persons  communicating  v 
them.  A  combination  of  any  thro 
104  fixed  texts,  designed  to  c( 
nearly  all  occasions,  offers  the  sen 
a  low  message  rate — 60  cents  or 
equivalent  in  other  currencies.  1 
is  a  two-way,  purely  overseas  scr, 
It  is  available  at  practically  ev 
overseas  base. 


10  DAYS'  FREE  EXAMINATION 


Policing  the  Ether 

At  present,  the  Radio  Intellige 
Division  (RID)  of  the  FCC  is  p 
ticularly  alert  for  signals  v.ii 
might  prove  to  be  illegal.  Since 
1940,  over  2,000  such  cases  have 
investigated  and  many  opei»- 
have  been  convicted.  Also  deted 
have  been  many  radio  stations  i 


McGRAW-HILL  BOOK  CO. 

330  W.  42NO  ST.,  NEW  YORK  IB,  N.  Y. 

Send  me  Prel.sm»n’s  (IRArHICAL  CONSTRUCTIONS  for 
VACUUM  TUBE  CIRCUITS  for  10  days  examination  on 
approval.  In  10  days  I  will  .lend  jx-m  $2.75  plus  few  rents 
postage  or  return  hook  postpaid.  (We  pay  postage  If  re¬ 
mittance  accompanies  order.  I 

Name  . 

•Vddrvs.s  . 

City  and  .Mate . . 

Position  .....!.  . 

Company  . L.  11-43 
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it  circuits. 


ANOTHER  PLASTICS  VICTORY  CONTRIBUTION 
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myccdex.  iormaily  molded  in  cdieet  and  rod  form  only*  now  can  be 
molded  In  complicated  shapes  to  dose  tolercmces.  Its  use  is  partic- 
ulccrly  adycmtageous  where  the  requirements  demand: 

high  dieleirtric  strength 

high  mechanical  strength 

low  losses  at  high  frequencies 

arc  resistance 

heat  resistance  far  beyond  the  critical  temperatures  for 
molded  or  sheet  materials 

a  compact  construction  with  metal  inserts  securely 
molded  in  place 

Because  oi  these  properties  General  Electric  mycolex  is  rendering  a, 
special  senrice  to  the  Vi^or  Effort  in  the  insulation  field.  For  further  in¬ 
formation  write  section  M-6,  One  Plastics  Ayenue.  Pittsfield.  Mass. 

Haor  fh»  Control  Electric  radio  programs:  "Tho  G-E  All  Girl  Orchestra"  Sunday  10  P.M.  E.W.T. 
NSC.  "The  World  Today"  news  every  weekday  6:45  P.M.  E.W.T.  CBS. 

792,000  employees  of  the  General  Electric  Company  are  on  their  jobs  producing  more  goods  and 
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ated  by  agents  of  the  nemy 

For  its  policing  work,  the  ] 
maintains  twelve  primar.  moni 
ing  stations,  ninety  secon(  try  nj 
toring  stations  (one  or  mor  j  of  wl 
are  located  in  each  of  the  i8  Sta 
the  territories  and  possessions) 
three  radio  intelligence  centers 
Honolulu,  San  Francisco  aiid  Wi 
ington.  Monitoring  stations 
usually  located  in  isolated  places 
from  the  nearest  town  to  proc 
ideal  listening  conditions. 

Thirty  mobile  units  of  two  i 
each  maintain  a  continuous  autoi 
bile  patrol  of  the  entire  5000h 
coast  line  of  the  continental  Uni 
States.  These  coastal  units  watch 
any  radio  transmitters  on  sh 
which  might  be  communicating  ^ 
an  enemy  ship  at  sea  relative  to 
departure,  location  or  cargoes  of 
parting  vessels.  The  whole  syst 
is  so  organized  that  a  clandest 
signal  receivable  anywhere  in  Am 
ican  territory  can  be  traced  down 

When  an  intruder  is  detected 
the  ether  lanes,  either  by  one  of  I 
RID’s  monitoring  stations  or  Ig 
broadcaster  who  reports  it,  directii 
finding  apparatus  is  called  into 
Three  or  more  monitoring  statii 
collaborate  in  getting  bearings 
the  signal  to  determine  the  gene 
location  of  the  transmitter  in  qi. 
tion. 

The  final  task  of  running  downt 
offender  is  performed  by  monitoni 
officers  using  automobiles  which  a 
fitted  with  the  latest  detection  e<]ji 
ment,  including  direction-finders,  a 
wave  receivers,  and  recorders.  Ti 
apparatus  can  be  operated  from* 
auto’s  battery,  or,  upon  being  i 
moved  from  the  car,  from  the  pew 
supply  of  a  dwelling,  store  or  touri 
camp. 

Operation  of  the  mobile  equipme 
follows  much  the  same  procedure  ei 
ployed  by  the  monitoring  static: 
Bearings  finally  “fix”  the  exact  1 
cation  of  the  transmitter  in  questio 
Even  if  the  hunt  narrows  toanapa: 

other  lar 


The  telephone  pay  station  you  find  so  conveniently  at 
^nd,  wherever  you  may  be,  was  invented  by  William 
Cray.  And  ever  since  we  started  making  it  back  in  the 
*908,  we  have  taken  a  leading  part  in  electro-mechanical 
progress.  So  when  war  came,  we  were  ready. 

With  a  fully  equipped  electrical  laboratory  and  engi¬ 
neering  department,  as  well  as  excellent  manufacturing 
facilities,  we  were  in  a  position  to  design  and  build  large 
quantities  of  electronic  equipment  in  various  forms  .  .  . 
and  other  electro-mechanical  devices  now  being  used  by 
the  armed  forces  on  land,  on  the  sea  and  in  the  air  .  .  . 
We  are  also  serving  the  war  effort  with  fabricated  metal 
parts  of  many  kinds  and  with  recording  machines  for 
radio  and  dictation.  ' 

When  Victory  is  won,  we  will  be  in  a  better  position 
than  ever  to  serve  industry  in  the  electro-mechanical  field 
and  in  Electronics.  Our  engineering  department  and  elec¬ 
trical  laboratory  are  at  your  disposal  now  for  assistance 
in  the  development  of  your  post-war  products. 


^Afi  Opportunity  For 
MANUFACTURERS 
and  INVENTORS 

Have  you  an  idea  or  invention  in 
electro  niecban  ics  which  you  think 
will  aid  the  war  effort,  or  which 
has  peace-time  applicationT  We’ll 
be  glad  to  develop  it  with  you  on 
a  mutually  satisfactory  buis. 

We  are  planning  to  add  6  or  6 
products  to  our  post-war  line.  If 
you  have  a  product  or  idea 
which  you  believe  would  fit  in 
with  our  activities,  write  our 
President,  Mr.W.  E.  Ditmar^in 
complete  detail.  We  will  consider 
any  practical  arrangement. 


HABTFORD,  CONNECTICUT 
230  PARK  AVE..  NEW  YORK 


Makers  of  (eiephone  pay 
stations  since  1891 


Fobricoted  ports  lor  oloctronic  tub*  and  con¬ 
denser  monniacturers — inclnding  discs,  bridges, 
supports,  stampings  in  any  shope  or  form,  con¬ 
denser  films,  etc.  We  are  serving  hundreds  of 
leading  companies  since  1917.  Special  erttentlon 
has  been  paid  to  radio  tube  and  component 
monafacturers  since  the  early  days  of  the  rodio 
industry. 

Our  complete  manufacturing  iadlities.  experi¬ 
ence  and  the  quick  understonding  of  our  cus¬ 
tomers'  problems,  blend  to  moke  our  service  in¬ 
valuable  to  an  increasing  number  of  new  clients. 


ment  house,  hotel,  or 
building,  a  monitoring  officer  can, 
using  a  device  carried  in  his  hand 
in  his  pocket,  proceed  from  floor 
floor  and  from  door  to  door  until 
determines  the  exact  room  in  wi¬ 
the  equipment  is  being  used. 

Censorship 

It  is  the  opinion  of  the  Ue:’; 
States  Office  of  Censorship  that! 
nation  engaged  in  this  war  pr^'c^t 


May  W0  guot*  on  your  roguirements  or 
discuss  your  mica  probhau  with  you? 


Joseph  J.  Long.  President 

538  63rd  Str^t  Brooklyn,  N.  Y. 

Established  1917  •  Tefepfcoee;  Windsor  9>8300 
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TRANSMITTING  TUBES  INCANDESCENT  LAMPS  METAL  AND  VHP  TUBES 

CATHODE  RAY  TUBES  FLUORESCENT  LAMPS  SPECIAL  PURPOSE  TUBES 


OWENSBORO  KENTUCKY  USA 
tiLF.CTRONICS  —  November  1943 


Only  the  industry  and  the  military  know  the  war- 
story  of  “shorter  wave-lengths  or  higher  frequen¬ 
cies’*  and  the  precision  thinking  and  disciplined 
imagination  going  into  the  use-development  of  the 
fundamental  electric  charge  of  the  universe 

For  these  purposes  Ken-Rad  makes  radio  and  elec¬ 
tron  tubes  Total  production  now  goes  to  shorten 
the  war  The  experience  thus  gained  will  be  avail¬ 
able  for  commercial  utilization  as  soon  ais  possible 

KEN-RAD 
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l*Eh\mNENT  MAliNETS 


Jm  ARNOLD  FNRINKERINR  rOMPANY 


147  EAST  ONTARIO  STREET.  CHICAGO  11.  ILLINOIS 


freedom  of  expression  more  ujitram. 
meled  than  is  the  case  in  the  United 
States.  Except  for  enforcen.ent  of 
the  provision  in  the  Radio  Act 
against  obscene  or  profane  lai  .^^uage, 
the  FCC  has  no  censorship  i  towers 
whatever,  and  in  the  field  of  doTiestic 
communications  the  Office  of  C  insor- 
ship  restricts  its  activities  to  admin, 
istering  its  voluntary  “Codes  of  War- 
time  Practices,”  for  the  pre>s  and 
for  the  broadcasting  companies.  The 
manager  of  each  domestic  broadcast¬ 
ing  station  is  a  voluntary  censor.  As 
mentioned  above,  even  domestic  pro. 
grams  in  foreign  languages  are  not 
interfered  with  except  by  station 
managers. 

In  the  field  of  international  com¬ 
munications,  the  Office  of  Censorship 
is  charged  by  law  to  examine  mails, 
cablegrams,  radiograms  and  all  other 
forms  of  messages  entering  or  leav¬ 
ing  the  United  States  and  its  terri¬ 
tories  and  possessions. 

Censorship  of  all  short-wave  inter¬ 
national  broadcasting  is  performed 
by  the  broadcasting  division.  This 
includes  censoring,  for  security  rea¬ 
sons,  in  New  York,  San  Francisco 
and  other  cities  of  all  the  outgoing 
programs  sponsored  by  the  OWI 
and  the  CIAA,  among  them  those 
produced  by  NBC  and  CBS.  Radio¬ 
photos  are  also  censored. 


■he  Arnold  Engineering  Company  is 
thoroughly  experienced  in  the  production 
of  all  ALNICO  types  of  permanent  magnets 
including  ALNICO  V.  All  magnets  are  com¬ 
pletely  manufactured  in  our  own  plant 
under  close  metallurgical,  mechanical  and 
magnetic  control. 


with  KESTER 
SOLDER 


Industrial  Relations 

E.  Finley  Carter,  director  of  indus¬ 
trial  relations  for  Sylvania  Electric 
Products,  Inc.,  told  management  ex¬ 
ecutives  at  a  New  York  meeting  of 
the  Society  for  the  Advancement  of 
Management  that  labor  and  manage¬ 
ment  must  cooperate  toward  a  com¬ 
mon  goal. 

“There  must  be  a  sincere  interest 
in  people  all  the  way  down  from  the 
top  management  to  the  lowest  level 
of  supervision,”  Mr.  Carter  said.  “A 
management  that  displays  such  an 
interest  and  seeks  to  develop  a  broad 
understanding  of  its  responsibilities 
will  recognize  the  need  for  incorpor¬ 
ating  in  its  philosophy  the  impor¬ 
tant  principles  of  human  relations. 
It  will  recognize  that  good  industrial 
relations  stem  from  the  top  and  form 
an  important  part  of  the  corporate 
personality.  It  will  encourage  the 
lower  levels  of  supervision  to  de¬ 
velop  a  keen  interest  in  and  under- 


#  Corrosion — with  terminal  resistance  and 
countless  complications  following  in  its  wake 
—is  "licked  before  it  starts"  when  electrical 
connections  are  made  permanent  and  secure 
with  Kester  Rosin-Core  Solder. 


•  Kester's  44  yeers  of  highly  -  specialized 
solder  experience  is  at  your  service,  particu¬ 
larly  in  the  selection  of  the  proper  combina- 
•  The  plastic  rosin  flux  in  Kester  Rosin-Core  tion  of  flux  and  alloy,  strand  and  core  size, 
Solder  will  not  injure  insulating  material,  best  suited  to  every  requirement.  Write 

disintegrate,  or  lose  its  fluxing  power  in  any  Kester  engineers  fully,  without  obligation, 
way,  regardless  of  temperature  extremes. 

That  makes  it  standard  at  air  bases  every-  ^  gyY  WAR  BONDS  if 

where — in  Arctics  and  Tropics  alike.  — 


KESTER  SOUIER  COMPANY 

4204  WRIGHTWOOD  AVENUE,  CHICAGO,  ILLINOIS 
Eastern  Plant:  Newark,  N.  J.  Canadian  Plant:  BrantI 
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MERICA’S  WAR  PRODUm  DEPENDS  ON  TANKS  UKE 1UESE 


Take  a  good  look  at  these  huge  spherical  tanks.  Chances 
are  your  hose,  your  belts,  your  packings  may  come  from 
tticm  or  from  others  just  like  them. 

These  are  used  for  storing  butadiene  in  the  first  of  the 
Sjriithetlc  plants  operated  by  U.  S.  Rubber  Company  . . . 
3  second  will  soon  be  in  production. 

Having  worked  in  the  field  of  synthetic  rubber  since 
1921  we  know  what  uses  each  of  the  five  basic  types  of 


synthetic  rubber  is  best  suited  for . . .  Neoprene,  Buna-S, 
Buna-N,  Butyl  and  Thiokol  .  .  .  U.  S.  Rubber  uses  all 
five  types  .  .  .  knows  which  one  to  select  for  the  per¬ 
formance  reejuired  ...  and  how  to  compound  the 
specific  synthetic  rubber  for  the  specific  task.  This 
experience  is  important  to  you. 

Our  booklet  on  synthetic  rubber  will  give  you  much 
valuable  information.  Send  for  your  copy. 


Mechanical  Goods  Division 


NITED  STATES  RUBBER  COMPANY 


ROCKEFELLER  CENTER 


NEW  YORK 
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MEASUREMENTS 

CORPORATION 


Boonton,  New  Jersey 


standing  of  the  personnel  for  whom 
they  are  responsible. 

“Either  management  and  employes 
will  work  together  as  a  team  or  they 
will  eventually  separate  into  opposite 
camps.  There  can  either  be  manage¬ 
ment-labor  cooperation  and  good 
will  in  working  toward  a  common 
goal  with  its  mutual  benefits,  or 
there  can  and  probably  will  be  sel¬ 
fish  battles  for  short-term  benefits 
that  will  work  to  the  detriment  of 
our  entire  social  fabric. 

“There  have  been  cases  where  sel¬ 
fish  management  has  failed  to  pro¬ 
vide  adequate  pay  or  decent  working 
conditions  for  employees.  Likewise, 
there  have  been  cases  where  selfish 
labor  groups  have  failed  to  see  the 
necessity  for  competitive  costs  and 
adequate  company  profits  and  re¬ 
serve.  In  each  case,  the  operation  of 
selfish  gain  has  been  a  short-term 
success  followed  by  serious  difficul¬ 
ties.” 

He  gave  his  listeners  a  check-list 
of  necessities  for  good  industrial  re¬ 
lations  : 

1.  A  sound  management  philoso¬ 
phy  giving  due  weight  to  the  human 
equation. 

•  2.  The  establishment  and  develop¬ 
ment  of  this  philosophy  throughout 
the  organization. 

3.  Realization  that  authority  and 
responsibility  are  inseparable,  but 
that  both  must  be  earned. 

4.  Unselfish  cooperation  for  the 
good  of  the  whole,  with  each  level 
interested  in  the  welfare  of  the 
group  below. 

5.  Recognition  of  the  fact  that 
high  wages  are  not  a  guarantee  of 
good  industrial  relations,  and  that 
environment  and  good  working  condi¬ 
tions  are  also  important. 

6.  A  measure  of  the  individual’s 
importance  by  the  number  of  peo¬ 
ple  he  serves,  rather  than  the  num¬ 
ber  working  under  him. 

7.  Awareness  that  paternalism 
carried  too  far  may  be  resented  as 
much  as  other  manifestations  of  su¬ 
periority. 


JONES 

BARRIER  STRIPS 

SOLVE  MOST  ntMINAL 
FROELIMS 


A  compact,  sturdy  terminal  strip  witii 
Bakalita  Barriers  that  provide  maxi¬ 
mum  metal  to  metal  spacing  and  pr*. 
vent  direct  shorts  from  frayed  wires 
at  terminals. 

4  SIZES 

cover  every  requirement.  From 
wide  and  13/32"  high  with  5-40  screws 
to  l^/i"  wide  and  !•/$"  high  witli 
screws. 

Jones  Barrier  Strips  will  improve  as 
well  as  simplify  your  electriMi  intre- 
connecting  problems.  Write  today  for 
catalog  and  prices. 


HOWARD  B.  JONES 

2440  West  George  Street 
CHICAGO  18  ILLINC 


CHARACTEIUSTICS 

Specific  grevity  of  enly  2J  to  2.i. 
Water  absorption  S.  IS-O.OOI  par 
cent.  Per  cent  power  factor. 

S.  i.S  to  U  cycles  was  only  O.OItS. 
Dioloctiic  constant  at  iO  cycles 
was  5.9-1000  KC  5.4. 

Makets  of  electrical  and  radio  apparatus  dci- 
otied  for  war  service  are  finding  in  LAVm 
dM  precise  qualities  called  for  in  tbeii 
spedfications  .  .  .  high  compressive  sad 
dielectric  strength,  low  moisture  absorption 
and  resistance  to  rot  fumes,  adds,  and  high 
heat.  The  exceedingly  low  loss-factor  of 
LAVITE  pins  in  excellent  workability 


BRITISH  PRISONERS  in  Ger¬ 
many  are  taking  their  Associate 
Membership  Exams  for  the  Institu¬ 
tion  of  Electrical  Engineers,  through 
arrangements  made  by  the  British 
Red  Cross  Society-  Of  the  19  who 
took  last  year’s  exams  in  this  way,  11 
passed  with  high  marks. 


HMtm  Offiee  6r  VTorks: 

Now  York  Nsodhaai.  Maas. 
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AGNAVOX  SAVES 


R^d/0  industry  millions  in 
Dollars  and  man-hours 


Magnavox  Molanode  Electrolytic 
Capacitor,  Standardized  in  6  Sizes 


Remember  how  many  shapes  and  sizes  of  capacitors 
there  were  before  Magnavox  engineers  standardized 
them?  Many  were  three  times  as  large  as  are  now 
used  for  the  same  capacity. 

The  Magnavox  Molanode  Electrolytic  Capacitor 
is  the  end  result  of  years  of  experience  in  this  field. 
Through  standardization  of  six  sizes,  use  of  a  new, 
finely  divided,  fabricated  aluminum  anode  called 
"Molanode”  and  an  improved  processing  technique, 
economies  were  made  that  save  incalculable  money 
and  time. 

This  is  but  one  example  of  the  problems  solved 
day  after  day  by  Magnavox  engineers,  creating  and 
manufacturing  equipment  for  all  the  U.  S.  Armed 
Services  and  for  all  the  United  Nations.  These  devel¬ 
opments  range  from  solenoids  to  the  most  intricate 
types  of  complete  radio  communication  systems. 


ACTUAL  SIZE 


Magnavox  brings  to  the  war  effort  the  skill  and 
"know  how”  developed  by  32  years  of  designing, 
engineering  and  manufacturing  for  the  radio  industry, 
the  splendid  facilities  of  the  completely  modern  new 
.  six  acre  plant,  finest  machine  tool  equipment  and  the 
production  economies  of  efficient  management.  The 
Magnavox  Company,  Fort  Wayne  4,  Indiana. 

Magnavox  skill  and  craftsmanship  won 
^  the  Navy  "E”  in  1941,  among  the  first 
awarded . . .  now  with  3  White  Star  Renewal  Citations. 


1 


FOR  32  YEARS 


LOUD  SPEAKERS 
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Let  this 

CATALOG  I 

answer 


21  Years  of  NetTvorks 


Chain  broadcasting  has  con  e  a 
long  way  from  the  first  chain  pro- 
gram,  which  broadcast  the  World 
Series  ball  games  direct  from  the 
playing  field  in  New  York  in  l‘)22, 
to  this  day  when  world-wide  hook¬ 
ups  are  not  uncommon. 

Its  development  in  America  can  be 
attributed  to  that  partnership  of  in- 
terest  between  listeners  and  stations 
in  which  the  important  question  of 
supply  and  demand  was  paramount, 
according  to  Kolin  Hager,  manager 
of  General  Electric’s  station  WGY 
which,  with  WJZ  in  New  York,  in¬ 
troduced  and  pioneered  in  chain 
broadcasting  21  years  ago. 

When  WGY  began  broadcasting  in 
1922,  the  lack  of  an  adequate  num¬ 
ber  of  program  sources  in  the  vicin¬ 
ity  of  Schenectady  led  to  the  joining 
of  WGY  and  WJZ  the  same  year. 
Listeners  to  WGY  heard  ssrmphonies 
and  Broadway  shows  from  New 
York,  while  the  WJZ  audience  heard 
talent  from  upstate  and  talks  from 
the  electrical  and  radio  wizards  such 
as  Dr.  Charles  P.  Steinmetz  and  Dr. 
E.  F.  W.  Alexanderson.  Then  WRC, 
station  for  the  nation’s  capital,  joined 
the  two-station  “chain.” 

In  1924  and  1925,  wire  line  facil¬ 
ities  were  completed  to  Syracuse, 
then  to  Rochester,  and  finally  Buffalo, 
adding  stations  WFBL,  Syracuse; 
WHAM,  Rochester;  WMAK,  Buf¬ 
falo,  to  WGY,  WJZ,  and  WRC. 
WTAM,  in  Cleveland,  was  next  added, 
and  a  station  in  Chicago  was  con¬ 
templating  joining  the  network  when 
NBC  was  formed  in  1926. 

The  stations  which  had  pioneered 
in  chain  broacasting  then  joined 
with  NBC,  realizing  that  through 
its  contemplated  wide-spread  hookup 
they  would  be  able  to  get  the  world’s 
“best”  on  regular  schedule. 

The  first  television  network,  pick¬ 
ing  up  a  program  from  NBC  sent 
out  from  tile  Empire  State  antenna 
and  relaying  it  to  the  television  audi¬ 
ence  of  the  Schenectady-Albany  area, 
took  place  January  12,  1940.  On 
Easter  Sunday,  a  few  months  later, 
G-E  engineers  established  another 
record,  when  it  picked  up  the  Easter 
parade  as  telecast  by  NBC  and  re¬ 
telecast  it  to  a  group  gathered  atop 
Whiteface  mountain  in  the  Adiron- 
dacks,  250  miles  airline  from  New 
York.  The  war  has  prevented  further 
experimentation  but  this  promises  to 
I  be  resumed  when  peace  is  declared. 


RESISTOR 

PROBLEMS 


You  will  find  the  complete  line  of  Lectrohm 
Vitreous  Enameled  Resistors  which  includes 
fixed,  adjustable,  "Ribon-edge"  and  ferrule 
terminal  types — ^power  line  and  R.  F.  Chokes, 
brackets,  bushings,  also  solder  pots,  etc.,  illus- 
trcrted  and  fully  described.  Write  for  yomr  copy 
of  Lectrohm  catalog  No.  98. 


INCORRORAXE  D 

5127  W.  25th  Street,  Cicero,  50,  Illinois 


ESPEY 


SIGNAL  GENERATORS  -  AUDIO  OSCILLATORS  -  TEST  EQUIPMENT 
RADIO  RECEIVERS  •  TRANSMITTERS  •  ELECTRONIC  DEVICES 

Lice. «4  by  -  RCA  .  HAI:KLTI>E  -  ARMSTROXC 


305  EAST  «3fd  STREET 
NEW  YORK  CITY.  N.  Y, 
Telephones  REgeni  7-3090 
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Urn  step  in  this  direction  is  to  make  sure  you 
have  the  Automatic  Electric  catalog  of  control  appa¬ 
ratus.  Then,  if  )ou  need  help  on  any  specific  electronic 
problem,  call  in  our  field  engineer.  Behind  him  arc 
Automatic  Electric’s  fifty  years  of  experience  in  control 
engineering.  His  recommendations  may 
save  you  time  and  money. 


WORKING  with  electronic  engineers  in 
scores  of  industries  has  uught  us  a  lot 
about  electronic  science — what  it  is  doing  to  increase 
the  effectiveness  of  our  tools  of  war — how  it  is  speed¬ 
ing  up  war  production — about  the  miracles  it  promises 
for  our  postwar  world. 

We  have  learned,  for  example,  how  much  this 
"new-old”  science  depends  on  the  right  electrical  con¬ 
trols — the  important  part  that  relays,  stepping  switches, 
solenoids  and  other  control  devices  play  in  putting  elec¬ 
trons  to  work. 

And  that’s  our  strong  point.  We  know  electrical 
control  because  that  has  been  our  sole  business  for  over 
fifty  years.  So  why  not  pool  our  resources?  Let’s  apply 
our  exjwience  in  electrical  control  to  your  problems 
in  making  electronic  developments  do  a  better  job  at 
lower  cost. 
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AUTOMATIC  ELECTRIC  SALES  CORPORATION 

1033  W.  Van  Ivran  St.  Chicago 

/n  Conodo:  Auiomaiic  Electric  (Canada)  Umitad,  Toronto 
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Precision  Resistor  Company 

rn  1  c  r?  o  :i  m 


P^e^'iAccH  Plti^dMci 


OUTSTANDING  CONCERNS 


REPEAT  and  REPEAT 


AGAIN  and  AGAIN 


THEIR  PURCHASES  OF 


MICROHM 


RESISTORS 


Continued  Preference  is 
Best  Proof  of  Uniform, 
Constant,  Dependable 

QUALITY 


Complete  service  and  advice 
on  any  and  all  of  your  resist¬ 
ance  and  equipment  problems. 


Precision  Resistor  Company 


Personnel 

H.  H.  Friend,  formerly  with  Scin¬ 
tilla  Magneto  Division  of  the  Ben- 
dix  Aviation  Corp.,  is  now  develop¬ 
ment  engineer  of  electronics,  Air¬ 
plane  Division  Dept,  of  the  newly 
formed  Development  Division,  Cur- 
tiss-Wright  Corp.  of  Bloomfield, 
N.  J. 


*-Iinch_ 

acsimile 


Frank  W.  Walker,  chief  engineer 
of  the  44  FM  stations  in  the  Michi¬ 
gan  State  Police  network,  was  elec¬ 
ted  president  of  the  Associated  Po¬ 
lice  Communications  Officers,  Inc., 
at  the  close  of  the  War  Communica¬ 
tions  Conference  at  Madison,  Wise. 


^  THE 
INSTANT  COURIER 


(Transmits  pictured  messages 
by  radio  or  wire — at  electric 
speed)  ^ 

For  the  present.  Finch  manu¬ 
facturing  facilities  are  being 
devoted  to  special  radio  ap¬ 
paratus  for  .  .  . 

U.  S.  SIGNAL  CORPS 
U.  S.  NAVY 

U.  S.  ORDNANCE  DEPT. 

F.C.  C 
F.  B.  I. 

U.  S.  TREASURY  DEPT, 
and  WAR  MANUFACTURERS 


Dale  Pollack,  formerly  with  Bell 
Labs,  and  RCA,  recently  joined 
Templeton  Radio  Co.  of  Mystic, 
Conn,  as  chief  engineer. 

C.  A.  Priest,  engineer  of  the  Radio 
Transmitter  Engineering  Division 
of  G-E  at  Schenectady,  has  been  ap¬ 
pointed  manager  of  the  Transmitter 
Division  of  the  G-E  Electronics 
Dept,  and  will  be  responsible  for  the 
operations  of  the  Syracuse,  N.  Y. 
plant  of  the  company. 


ARE  they  nightmares  .  .  those 
xT  delayed  research  and  produc¬ 
tion  schedules  .  .  those  endless 
periods  of  waiting  for  delivery  of 
vital  electronic  supplies?  You 
can  rest  easy  from  now  on  if 
youll  take  advantage  of  our  In¬ 
dustrial  Emergency  Service!  It’s 
a  special,  streamlined  service,  op¬ 
erating  with  a  degree  of  speed  and 
efficiency  heretofore  considered 
impossible  in  the  face  of  war  con¬ 
ditions.  It's  a  service  manned  by 
experts  with  stocks  of  thousands 
of  items  made  by  all  leading  manu¬ 
facturers.  Don’t  take  chances  on 
losing  precious  time  waiting  for 
deliveries  of  electronic  tubes, 
parts  and  equipment.  Wire,  mail 
or  phone  your  orders.  See  what  we 
mean  by  Elmergency  Service. 


FINCH 

TELECOMMUNICATIONS,  Inc 
PASSAIC,  N.  J. 


E.  F.  Peterson,  formerly  section 
leader  on  receiving  tubes  in  the  en¬ 
gineering  division,  has  been  placed 
in  charge  of  design  engineering  of 
receiving  tubes  in  the  Tube  Division 
of  the  G-E  Electronics  department 
at  Schenectady. 


WIRE  WOUND  RESISTORS 


K.  C.  DeWalt,  designing  engineer, 
G-E  Tube  Division,  will  continue  de¬ 
sign  engineering  of  all  other  prod¬ 
uct  lines  of  the  division. 


W.  L.  Fattig  has  been  appointed 
acting  supervisor  of  the  Technical 
Service  section  of  the  G-E  Receiver 
Division  at  Bridgeport,  to  replace 
P.  R.  Butler,  former  manager  of  the 
section,  who  is  now  a  lieutenant  in 
the  U.  S.  Navy. 


^ree 

A  Ml  ReferenM  Book  A 
Bayor’t  G  a  I  d  o  orMMOd 
with  holiful  informitlon  m 
thouMndt  of  Radio  aad 
Eloetronie  part*  and  apaip- 
Mint.  Froo  to  Parehaalni 
Aponti  and  othor  olllelali 
laopontiMo  for  bayini  aad 
apaelfyint  in  indaotrioa  ai- 
Ini  this  aiaipmant.  Atk  far 
It  NOW  an  eoMpany  ita- 
tionory,  pleaM. 


Captain  Thomas  B.  Inglis,  Deputy 
Director  of  the  Office  of  Naval  Com¬ 
munications  since  early  1942,  has 
been  assigned  to  a  sea  command. 


Captain  John  V.  Murphy,  who  re¬ 
turned  last  year  from  3  years  sea 
duty  in  the  Pacific  and  has  since 
been  active  in  the  coordination  of 
Army  and  Navy  activities,  succeeds 
Captain  Inglis  as  Deputy  Director 
of  the  Office  of  Naval  Communica¬ 
tions. 
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RANGES 

D*C  Voltage— Measurements  from  TO  millivohs 
to  1000  yoH$  (20,000  ohms  por  volt)  in  full  seal* 
rangot  of:  J/IO/50/200/500/1000  vohs.  (Up 
to  5000  vohs  with  vory  compact  oxtornal  mul- 
tiplior.) 

A-C  Voltage  —  Measurements  from  0.1  to  750 
volts  (1000  ohms  per  volt)  in  full  seal*  ranges 
of.  5/T 5/30/ 1 50/300/750  volts. 

D-C  Current  —  Measurements  from  0.5  micro- 
ampere  to  10  amporos,  in  full  seal*  rangas  of; 
50  microamperes,  l/IO/lOO  milliamporos,  l/IO 
amporos.  (Higher  ranges  with  oxtornal  shunts.) 
A-C  Current  —  Measurements  from  f  0  milh'am- 
peres  to  10  amporos,  in  full  scalo  ranges  of; 
.5/1/5/10  amporos.  Higher  ranges,  up  to  )000 
amperes,  with  oxtornal  currant  transformers. 
Resistance  —  Measurements  from  0.5  ohm  to  30 
megohms  in  full  scalo  ranges  of:  3,000/30,000/ 
300,000/3  meg./30  meg.  Center  scale  valuos 
ore.  25/250/2,500/25,000/250,000  ohms. 


•  The  growing  use  of  electronic  devices  and  other  sensi¬ 
tive  circuits  throughout  industry  poses  no  new  instru¬ 
ment  problems  for  contractors  or  maintenance  depart¬ 
ments  WESTON  equipp>ed.  The  familiar  Model  785,  with 
its  high  sensitivity  and  broad  range  scope,  answers  these 
newer  measurement  requirements.  But  more  ...  it  also 
covers  most  of  the  usual  maintenance  needs. 

Model  785  furnishes  another  example  of  WESTON’S 
engineering  foresight  .  .  .  designing  instruments  always 
with  the  needs  of  to-morrow  in  mind.  Other  WESTONS, 
equally  important  for  efficient  maintenance  in  the  days 
to  come,  are  the  time-saving  WESTON  Clamp  Ammeter, 
and  the  WESTON  foot  candle  meters  which  measure  all 
types  of  lighting  direct  .  .  .  without  correction  factors. 
Weston  Electrical  Instrument  Corporation,  6 1 8  Freling- 
huysen  Avenue,  Newark  5,  New  Jersey. 


loberatery  Standard*  . . .  Precision  DC  and 
AC  Portables  .  .  .  Instrument  Tronsfemers 
. .  .  Sensitive  Relays  .  .  .  DC,  AC,  and 
Thorme  Switchboard  and  Panel  Instruments. 


WESTON 


Specieliied  Test  Equipment  .  .  .  Ught 
Measurement  and  Control  Devices  ... 
Exposure  Meters.. .Aircraft  Instruments... 
Electric  Tachometers.. .Dial  Thermometers. 


R  OVBK  SS  VBAmS.  EMABBrnS  MN  BEBCTBICAL  MBASVItiNe  MNSTRVMBIVTS 
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CRBinCTS 


CHRSSIS 


PRneis 


RRCKS 


Though  manufactured  by  modern  high-speed  methods, 
Par-Metal  products  have  a  definite  quality  of 
craftsmanship  —  that  hand-made  quality  which  is 
born  of  years  of  specialization. 


\  ^  n  PRODUCTS 
CORPORATION 
LONG  ISLAND  CITY.  N.  Y. 


32-62  — 49th  STREET 


Earl  Minderman,  direct*  r  of  t 
Division  of  Research  and  Inforn 
tion  of  the  OWI  Bureau  o  Moh 
Pictures  for  the  past  year,  has  be 
appointed  director  of  infor  laticn 
the  Federal  Communications  Co 
mission. 


Dependable  Performance 
ASSURED 

Kold-Hold 
Test  Unit 


I.  J.  Kaar,  formerly  managing  e 
gineer  of  the  receiver  di.  ision 
the  G-E,  has  been  appointed  ma 
ager  of  the  receiver  di\  ision 
the  G-E  Electronics  Department 
Bridgeport,  Conn. 


crystals — ^for  trans- 
on 

or  the 
stratosphere  —  must  be 

the  KOLD- 

crystals 

be  on 

holding 
These  are 

for 

loading.  One  or 
discs  may  be  used  at  one 
time  for  accurate  and 
speedy  testing.  Write  for 

detailed  specifications.  " 

NKW  YORK — CHICAGO— PHII.ADRL.PII1A—L.08  AXGRI.K8 


Ray  Zender,  in  addition  to  duti 
as  chief  engineer  and  sales  .nana? 
of  Lenz  Elec.  Mfg.  Co,,  Chicag 
wire  manufacturers,  has  been  a 
pointed  wire  consultant  to  the  Rad 
and  (Censored)  Section  of  the  Wi 
Production  Board  on  a  dollar-a-ye; 
basis. 


Dr.  Lee  DeForest  celebrated  hi 
70th  birthday  at  his  laboratory  i 
Los  Angeles,  where  he  has  bw 
working  on  problems  in  televisi- 
and  diathermy. 


Nelson  P.  Case,  formerly  wit 
Hazeltine  Electronics  Corp.,  ha 
been  appointed  director  of  tW 
newly  created  Engineering,  Desigi 
and  Development  Division  of  Haa 
ilton  Radio  Corp.,  N.  Y. 


446  N.  Grand  Ave.,  LANSING,  MICH.,  U.  S.  A. 


Jon  Larson,  chief  radio  engine; 
of  the  Coordinator  of  Inter-Arneri 
can  Affairs,  was  drowned  recentli 
during  his  vacation. 


Samuel  R.  Ryan,  formerly  wit! 
the  WPB  Communications  Divisifj 
is  now  chief  of  the  Communication 
Section,  a  newly  created  unit  estab 
lished  by  the  Board  of  Econoirdi 
Warfare.  The  new  section  is  a  uni 
of  the  Utilities  Division  that  ha: 
previously  handled  communicationi 
matters. 


LaVern  E.  Quinn^ll,  coordinate! 
of  engineering  at  The  Magnav  i 
Co.,  has  been  appointed  factor? 
manager. 


Write  /or 
CataloguB 
No.  41-A 


GLASS  gages  used  for  ins})eit;or 
of  57-mm  cartridge  cases  at  Frank 
ford  Arsenal  performed  260,000 
ing  operations  before  wear  !)ec;‘n:! 
excessive,  as  compared  to  60,000  ob 
erations  for  a  corresponding  stei 
gage. 
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If  you  are  interested  in  transmitters,  you’ll  be  interested  in 
this:  despite  the  handicaps  of  today’s  material  limitations, 
every  Bunnell  tr2msmitter  design  is  individually  worked  out 
to  solve  the  individual  problem.  Only  one  thing  never  varies 
—the  Bunnell  combination  of  bold  imagination  and 
hard-boiled  engineering  that  has  served  the  commu¬ 
nications  industry  for  6S  successfxil  years!  Inquiries 
are  invited  from  war  industries  and  post-war  planners. 


i 


-  \ 


BUNNELL 


&Co. 


GENERAL  OFFICES:  215  Fulton  St.,  New  York  City  •  FACTORIES  at  Brooklyn,  N.  V. 

...  I - -  .  - 1 

^  ^  I  and  | 

iIiCTROnTc  industrial  "^DEVICES  '  ★  INDUSTRIAL  RECTIFIERS 
HIGH  POWER>RADIO  FREQUENCY  GENERATORS  ^  TRANSMITTERS 
RECEIVERS  rk  AUTOMATIC  TELEGRAPH  EQUIPMENT 
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TAt€£  tT APART 
AND  S££  WHY/ 


INCORPORATED 


Radio  Business  News 

Victory  model  volume  controls  have 
been  reduced  to  eleven  types,  follow¬ 
ing  a  committee  meeting  of  the 
American  Standards  Association. 
The  reduction  was  requested  by  rep¬ 
resentatives  of  the  WPB  and  the 
OPA. 


We  are  preparec  to 
supply  etched  matal 


Liffelfuse  mountings 
excel  in  protection 
for  fuses,  and  safe 
inspection,  removal 
and  replacement. 


DIALS  •  PANEU 
PLATES 


Chile  has  bought  transmitter-re¬ 
ceiver  combinations  for  the  use  of 
road  crews  in  the  highway  depart¬ 
ment,  according  to  the  Department 
of  Commerce. 


Cutaway  view 
of  LIttelfuM 
Extractor  Poet 
No.  I2I2-B 


made  to  your  precise 
engineering  specifi- 
cations  in  all  metals 
and  finishes. 


Educators  have  been  warned  by  the 
FCC  that  the  five  FM  channels  from 
42  to  43  Me  set  aside  for  educational 
stations  would  not  be  held  open  in¬ 
definitely. 


THIRTY  YEARS  OF  SERVICE 
TO  AMERICAN  INDUSTHY 


The  Grenby  Mfg.  Co.,  maker  of  ma¬ 
chine  tools  for  war  producers,  has 
entered  the  electronic  equipment 
field.  The  plant  is  located  in  Plain- 
field,  Conn. 


EXTRACTOR 

POSTS 


21.03  44TH  AVENUE 
LONG  ISLAND  CITY.  NEW  YORK 


( 1 )  M^ded  of  black  bakelite — 
thoroughly  insulated  prevent¬ 
ing  corrosion  and  shorts. 

(2)  Posifive  Fwse  Grip 

Permits  full  visual  shock-proof 
inspection. 

(3)  Anti-vibration  tormlnals 

Side  and  End  terminals  in¬ 
tegral  with  metal  parts.  Pre¬ 
vent  vibration. 

(4)  Spring-aetivatod  Cnp 

Insures  positive  continuous 
electrical  contact. 

(5)  Knob  pulls  and  holds  Fuse 

Special  grip  prevents  dropping 
out. 

(4)  Fuse  can  be  taken  from  knob 
only  by  hand. 

AIRCRAFT  MOUNTINGS 
FOR  4  AG  FUSES 

Max.  current  40  amps.  Screwdriver  and 
finger  operated.  Lenth  overall  2^".  Ap¬ 
plications:  Aircraft,  radio  circuits,  protecting 
vacuum  tubes,  transformers,  lighting  small 
motors  and  many  other  general  aircraft 
circuits. 

LITTELFUSE  MOUNTINGS  FOR 
EVERY  INSTRUMENT  FUSE 

From  most  delicate  meters,  to  high  voltage 
transmitting  equipment  rectifiers,  etc.  Full 
data  on  request. 


RADIO  and 


TELEGRAPH 


KEYS 


•  TELEGRAPH  KEYS  TO  SIGNAL 
CORPS  SPECIFICATIONS 


Types  now  In  production  in' 
elude: 


Exeuctives  of '  newly-formed  Grenby  Mfg. 
Co..  Plainfield.  Conn.,  examine  newly- 
designed  vacuum-tube  voltmeter.  Left  to 
right:  Carl  A.  Gray.  McMurdo  Silver.  W.  A. 
Harrison.  Ralph  A.  Soby 


Ferranti  Electric  Co.  has  moved 
its  offices  into  the  RCA  Building, 
New  York. 


Emerson  Radio  &  Phonograph 
CORP.  has  opened  an  apprentice  train¬ 
ing  school  under  the  supervision  of 
Maxwell  S.  Symon,  industrial  en¬ 
gineer.  The  subjects  to  be  covered 
include  basic  theory  of  radio,  use  of 
electrical  instruments,  mechanical 
tests,  and  the  construction  of  com¬ 
munications  equipment. 


•  Ask  for  details  and 
quotations 


225  Omg  St. 

4755  RavsNtWood  Av«. 


El  Mont*,  Calif, 
Chicago,  III. 
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More  than  15  years  ago,  we  at  “Eastern”  dedicated  ourselves  to  the  task  of 
'  designing  and  manufacturing  sound  amplification  equipment.  Today,  as  a 
result  of  American  engineering  skill  ingeniously  applying  amplification 
principles  to  highly  specialized  instruments,  thousands  of  amplifiers  by  “Eastern”  help  to  guide 
our  army  and  navy  bombers  with  unerring  accuracy  in  successfully  completing  their  vital  missions. 

“Eastern”  is  proud  to  have  the  opportunity  of  contributing  our  years  of  specialized  training  to 
the  war  effort.  Of  course  war  work  gets  first  call  at  our  plant  and  our  facilities  are  at  your  service 
for  that  purpose.  But  busy  as  we  are,  we  also  have  time  to  plan  with  you  now  for  better  amplifier 
products  after  victory. 

Our  engineering  staff  invites  your  inquiry — large  and  small  production  runs.  Even  single  units, 
receive  our  usual  prompt  attention.  /or  Bw/letm  93E. 


AMPLIFIER  CORPORATION 

794  EAST  140th  ST»IET  •  NIW  YORK  S4,  N.y. 

BACK  THE  ATTACK...  BUY  WAR  BONDS  AND  STAMPS 
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Pyroferric  Co 

STREET  NEW  YOR» 


175  VARICK 


Kurbak  Electronic  Ck)RP.  it  a  sew 
company  to  engage  in  the  m;  nufac- 
ture  of  electronic  equipment,  ccord- 
ing  to  articles  of  incorporati' m 
with  the  Secretary  of  State  of  JUj. 
nois. 


Clarostat  Mfg.  Co.,  Inc.  h  -s  e.* 
solidated  all  business  depai  menh 
formerly  spread  out  in  three  plaa^l^ 
at  130  Clinton  St.,  Brooklyn,  N.  Y, 


Light  in  Weight 
but  Sturdy  dnd 
Strong 


Kelly-Koett  Mfg.  Co. 


maker  of 

x-ray  equipment,  is  adding  a  one-' 
story  addition  to  the  plant  at  Cov¬ 
ington,  Ky. 


Pyra-Sheil  boxes  have  proved  their  value  as  containers  for  handling  and 
protecting  vital  small  parts  on  the  assembly  line  and  in  stock  rooms,  also 
as  repair  kits  in  repair  departments  or  field  work.  No  fumbling  in  dark 
corners— the  contents  can  be  seen  instantly  by  simply  looking  through 
the  transparent  box. 

AAany  standard  styles,  sizes  and  compartment  arrangements  are 
available — or  we  can  design  a  special  box  for  your  use. 

Write  for  illustrated  folder. 

SHOE  FORM  CO.  Inc.  Utility  Box  Dept.  R  AUBURN,  N. 


Zenith  Radio  Corp.  announces  tht 
purchase  of  The  Microtube  Labs,  of 
Chicago,  maker  of  midget  tubes  for 
hearing  aids. 


^oferric  powd 

precision  insfrun 
*pecifica«on: 

permeability 

"p"  i 

resistance  j 

ionmlf  Pyreferrli 


cores  I 
developmenf. 


*P«ce  the  vital 

»  "»«nufactured 


rnisH 

medium 

LOW 

^■freaMBfs 


PREPUENCY- 


yeer  Powder 


CONSTANT  voltage  TRANSFORMIR 

W  SBI''  «n  w  ■■■ 


le  ni'  nufae 
Bnt,  ccoff?. 
•ration  file--’ 
»te  ..f  ii)i 


e«ta:)ligh?^ 

3t  and  lab- 
>  New  York. 

II  the  Qietaj. 
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g  fji-  ilitie! 
1  x-ray  dif- 
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dropH  <>r  increases  in  voltage.  I'ben  unifomi  accu¬ 
racy  and  synchronization  of  the  production  line 
no  longer  exists.  Precision  work,  becomes  im¬ 
possible.  Rejects  increase  in  number. 

SOLA  "CVs”  protect  equipment  and  instru¬ 
ments,  absorbing  v«>ltage  sags  and  surges  up  to 
.‘i0%  and  deliver  an  unchanging,  specific  voltage 
regardless  of  input  variations  from  over-loaded 
supply  lines. 

Automatic  and  instantaneous  in  action,  SOLA 
''CVs”  allow  no  jolts  or  sags  to  slip  through. 
They  are  made  with  the  same  modern  exactitude 
as  the  most  intricate  equipment.  Immediat  dy 
available  in  standard  units,  capacities  from  10 
VA  to  15  KVA,  SOLA  Constant  Voltage  Traas- 
fomiers  can  also  be  built  to  your  specification. 


HEN  EACH  SMALL  PART,  as  it  comcs  from  the 
machine — each  finished  article,  as  it  comes  fnmi 
the  assembly  line — varies  not  at  oil  from  the 
others,  the  problems  of  QU  ALITY  production  have 
been  solved,  and  quantity  production  presents 
small  diffii'ulty. 

Modem  electrically  operated  manufacturing 
equipment  is  expertly  designed  to  produce  w  ith 
absolute  exactness.  That’s  the  miracle  behind  to¬ 
day’s  output.  But,  the  mechanical  perfection  of 
each  individual  unit  must  be  matched  by  an  un¬ 
failing.  unvarying  power  supply.  Every  unit, 
however  small,  must  be  responsible  for  its  own 
security.  That  is  why  SOLA  Constant  Voltage 
Transformers  are  widely  used  to  provide  protec- 
ticMi  against  damaging  voltage  variation. 

•  Wliere  this  control  is  lacking,  electrically  oper¬ 
ated  or  controlled  equipment  is  highly  vulnerable 
to  voltage  fluctuations.  Devices  designed  to 
operate  at  rated  voltages  react  differently  to 


p.,  Owosso 


Not*  to  Industrial  Exocutivos:  ITkere  therp  is  a  prob¬ 
lem  ini'nlving  voltogp  contnj,  no  matter  ubat  its  nature, 
SOLA  "U’l  'rransformers  can  help  solve  it.  Ask  for  bul¬ 
letin  ncv.74. 


i>**r»  tori  Constant  Voltage  •  Cold  Cathode  Lighting  •  Mercury  Lamps  •  Series  Lighting  •  Fluorescent  Lighting  •  X-Roy  Equipment  •  Luminous  Tube  Signs 
t'  rner  Ignition  •  Radio  •  Power  •  Controls  •  Signal  Systems  •  Door  Sells  and  Chimes  •  etc.  SOLA  ILiCTRIC  CO..  2525  Clybeurn  Ave.,  CtilcogO/  W, 
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Control  Circuits 
for  Transmitters 

{Continued  from  page  105) 


ergy  storage.  The  relay  is  mounted 
approximately  10  deg.  from  the  hori¬ 
zontal  so  that  the  contacts  are  open 
when  the  relay  is  not  energized  and 
the  pendulum  is  at  rest. 

If  no  auxiliary  contacts  are  avail¬ 
able  on  the  plate  contactors,  they  can 
usually  be  installed  without  great 
difficulty.  However,  where  this  is  ut¬ 
terly  impossiye,  auxiliarj'  relays  in 
parallel  with  the  plate  transformer 
primaries  could  be  used. 

Aatematie  Startiag  D«vic* 

An  automatic  time-delay  starting 
device  is  particularly  useful  in  two 
ways,  for  getting  back  on  the  air 
after  a  breakdown  with  a  minimum 
of  lost  time,  and  for  locating  trouble 
where  the  fault  cannot  be  expedi¬ 
tiously  located  without  the  power  on 
and  it  is  impossible  to  keep  it  on 
without  damaging  equipment. 

The  device  in  use  at  KMOX  will 
give  a  start  in  10  seconds,  ^iroviding 
the  interlocking  grid^  and  filament 
relays  are  all  clear,  otherwise  the 
start  will  wait  until  they  do  clear. 
This  10-seconds  can  be  utilized  by 
the  operator  in  getting  the  studio  on 
the  order  wire,  or  in  proceeding  to 
the  point  where  trouble  is  suspected, 
so  that  he  may  observe  the  equip¬ 
ment  at  the  moment  the  plate  volt¬ 
age  is  applied.  For  example,  in  the 
latter  situation,  the  operator  is  en¬ 
abled  to  locate  readily  a  bad  tube  in 
a  parallel  installation  when  the  only 
indication  of  trouble  is  a  fiash  inside 
the  tube. 

Electrical  details  of  this  device  are 
shown  in  Fig.  3.  If  either  plate  volt¬ 
age  is  off,  RYt  will  be  de-energized 
and  its  contact  closed.  The  method  of 
energizing  iJF,  is  the  same  as  for  the 
reset  relay.  RY,  may  now  be  picked 
up  by  means  of  the  pushbutton,  and 
it  will  seal  itself  in  through  its  lower 
contacts.  The  pilot  lamp  will  go  on 
and  remain  on  until  the  starting 
action  is  completed.  The  upper  con¬ 
tacts  of  RYt  then  excite  the  fila¬ 
ment  transformer  of  the  rectifier 
tube,  and  apply  alternating  voltage  to 
the  plates  of  the  tube.  When  the 
cathode  has  reached  conduction  tem¬ 
perature,  i?y,  will  be  energized,  clos¬ 
ing  its  contacts  across  the  plate  ON 
buttons.  As  soon  as  the  plate  con¬ 
tactors  close,  RY^  will  operate,  open- 


uounie  Phone 

^4)  teat  ire] 
ribbed  barrel  for 
greater  ease  in  },an- 
dling. 

Just  one  of  the  new 
improved  Items  in 
the _targe  ICA  line 

•  Mstol  CsWnw,.  chsi. 
(M.  Pannlt  • 
Mamslnti  •  Flag. 

taeki  •  Caaisittab 
Maiblad  Seraw  Machiu 
aroSuett  •  HarSwar,  Jla 

aaaatiHal.  ^  »"• 


H'ri/e  for  this 
l‘Z-page  Jn- 
dustriai  Cata- 


Because  our  heroes  are 
named  Kelly.  Taylor,  Steifen- 
hagen.  and  Levin . . . 

Because  we  fight  on  the  side 
of  right  and  might . . . 

Because  we're  given  the  6p- 
portunity  of  securing  our  fu¬ 
ture  by  buying  War  Bonds . . . 

And,  because  we  of  Abbott 
have  been  allowed  some 
small  part  in  helping  to 
shorten  the  war  —  we  give 
thanks! 


*Dalis  is  supplying  radio 
and  electronic  materiols  to 
many  branches  of  tho 
armed  forces,  war  idants 
sub-contractors,  labora¬ 
tories.  training  schools,  etc. 

Ample  stocks  on  hand  pro¬ 
vide  prompt  sh^ment  on 
many  items.  And  If  required 
items  ore  not  in  stock.  DoBs 
go-gets  'em  for  you  in  short¬ 
est  possible  time. 

•Try  Dalis  —  write, 
wire  OT  'phone  .  . . 

H.  L.  DAUS^lnc 

Distributon  oi 

RADIO  4  ELECTRONIC  tUWUES 
17  UniMi  Sqworw  •  Nww  York,  R.  Y. 

rkoaoo:  ALgoaquia  44II»4-^4  T 


On*  oi  our  dapondablo 
products  is  this  ABBOTT 
Modal  TR-4  ...  a  standard, 
compact,  and  officiant  ultra- 
high-iraquancy  transmittor 
and  racaiwar. 


8  West  18th  St..  New  York  3.  N.  Y. 
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SCIENTIFIC'S  high  frequency  units  for  industrial  and  sciontiflc  applica 
tions,  offor  multipio  dotign  and  functional  advantagos  in 

ANNEALING-NORMALIZING-BRAZING 
SILVER  SOLDERING-DEGASSING-DEHYDRATING 
EXPANDING-FORMING-HARDENING-MELTING 

by  high  froquoncy  rangos  to  300,< 

000,  Kc.  and  power  capacities  up 
to  100  Kw.  Compact,  extremely 

efficient,  SCIENTIFIC'S  equipment  ‘P- . O'"' 

minimizes  maintenance  *and  per-  ^ 

mits  economical  operation.  Inquir-  : 

ies  pertaining  to  this  specialized 
line  of  high  frequency  generating 
and  testing  apparatus,  are  invited; 


"S"  CORRUGATED  QUENCHED  GAP  COMPANY 

DESIGNERS  AND  BUILDERS  OF  HIGH  FREQUENCY  CONVERTORS  SINCE  1921  IN  THE  USA 

119  MONROE  STREET  GARFIELD,  NEW  JERSEY 
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ing  its  contacts  and  releasi  g  Jiy 
Thus  the  transmitter  has  bee.i  give, 
one  starting  impulse.  Sub  equenj 
starts  will  not  require  a  full  10  sei', 
onds  if  the  tube  has  not  fully  cocied 
Obviously,  RY,  cannot  be  picked  up 
when  the  plates  are  on  or  the  xnaiiy 
control  off,  eliminating  the  pos^^ibij. 
ity  of  accident  through  a  “stored  up" 
start. 

Resistors  Ri  and  R,  are  for  dron 
ping  the  pilot  lamp  and  RY,  voltages 
to  the  proper  values  from  the  220- 
volt  relay  circuit  used  at  KMOI 
Cl  is  shown  across  RY,  coil  for  re¬ 
moving  the  chatter  if  RY,  is  a  d-e 
relay.  It  will  riot  be  necessary  if  » 
a-c  relay  is  used. 


Knuriinf  of  Sock- 
•t  Scrow$  orig- 
Inatod  with 
“Unbrako"  yaar* 
ago. 


irs  KNURLBD 


aa  •xelusiva  safety  feolare  of— 

lamfcv  SELF-LOCKING 


nuLLvn  OLi  ounLna 

Whon  t(i«  "Unbrako"  Scrow  it  tigkfonod  at  Mtual,  tha 
kmirlad  point  digs  in  .  .  .  pravantt  vibration  from  working 
H  loota.  It's  aatily  ramovad  and  can  ba  utad  ovar  and 
evar.  So  play  tafa.  Ordar  "Unbrako"  Salf-Loekart. 

Shat:  No.  4  to  l^“  diamatar 


Carriar«lstarraptlo«  Ttariag  Davie* 

This  auxiliary  device  records  the 
time  at  which  a  transmitter  break¬ 
down  occurs,  as  well  as  its  duration, 
permitting  the  operator  to  give  hii 
entire  attention  to  the  cause  and  re¬ 
pair  of  the  failure  without  having  to 
note  the  time  both  before  and  after 
the  repair  period.  It  is,  like  most 
automatic  instruments,  capable  of 
greater  accuracy  than  can  be  ob¬ 
tained  by  mere  observation. 

The  KMOX  timer  is  shown  dia- 
gramatically  in  Fig.  0.  Its  operatica 
is  similar  to  that  of  the  carrier- 
protective  device  described  above 
The  control  element  is  the  carrie 
wave,  a  bit  of  which  is  rectified  and 
used  to  develop  positive  grid  voltagt 
for  the  tetrode  section  of  the  117L7 
tube,  also  cathode  biased.  When  tht 
carrier  is  on,  RYi  and  RY,  are  ener¬ 
gized,  and  clocks  €Li  and  CL,  are 
running,  while  CL, 


ON  THIS  WEST- 
INGHOUSE  METAL 
CONTAINER  ARE 
COMPLCTE  ILLUS¬ 
TRATED  INSTRUC¬ 
TIONS 


is  stopped.  All 


permanently  m^md  muni9H^||HPIcnme  and  Markem 
.  ink.  Easy  to  ^MFet^pyrRsh  off,  cW’t  be  mislaid. 

This  illustrampihe  'possibilities  of  Markem  equipment 
'  and  MarkennA|r^ce-'On  any  material,  any  shape,  Markem 
,  can  providejme  machine  and  the  ink  for  qvdek,  clean  im¬ 
pression  offname,  trade  mark,  part  nunibers,  assembly 
guide,'  instructions,  etc.  In  one  or  several  colors.  With 
automatic  repeat  or  changes,  and  many  other  features. 
Put  your  marbdng  problem  up  to  MARKEM.  Ask  for 
Bulletin  UL 


WOOD 


fusne  W^^STEa 

nteeitioM-auiLv^  mibiHieTfON  machines  for 
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Electro-Voice  engineers  have  found  a  wiay  to  eliminate  harmonic 
distortion  in  microphone  design,  as  proved  by  the  Wave  Analyzer; 
and  the  completely  natural  reproduction  from  the  new  Electro- 
Voice  microphones. 


The  Harmonic  Wave  Analyzer  measures  the  presence  of  spurious 
frequencies  introduced  by  microphone  distortion.  To  the  ear,  such 
frequencies  give  the  feeling  of  ragged  and  false  speech  quality 
that  may  be  unintelligible  under  the  stress  and  strain  of  battle. 


ELECTRO-VOICE  MANUFACTURING  CO.,  INC. 


SOUTH  BEND,  INDIANA 


1239  SOUTH  BEND  AVENUE 
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TEST  INSULATION . 

the  modern,  easy  way  with  a 

MODEL  B-5 


ator’s  convenience.  CL«  normally 
running,  keeps  correct  time  until  the 
carrier  is  stopped,  and  CL,  is  set  at 
12:00,  ready  to  time  any  interruption 
in  terms  of  hours,  minutes,  and  sec-.j 
onds  by  direct  reading.  j 

Ceil  b  leteriecked 

The  coil  of  RY,  is  interlocked 
through  an  energized  contact  on  RY, 
to  insure  simultaneous  opening  of 
both  relays.  This  interlock  may  not 
be  necessary  in  all  cases,  depending 
on  the  characteristics  of  the  relays 
used. 

The  diode  circuit  is  similar  to  that 
of  the  carrier-protective  device,  with 
two  notable  exceptions.  CJLi  is  tuned 
■  exactly  to  the  carrier  frequency,  C, 
being  fixed  if  desired  and  the  tank 
tuned  by  removing  turns  from  L,. 
The  other,  and  major  exception,  is 
the  substitution  of  C„  an  8-/if  capac¬ 
itor,  for  the  tetrode  grid  leak.  This 
provides  a  time  delay  of  about  one 
second,  the  time  required  for  C,  to 
discharge  to  the  point  where  the  bias 
limits  the  plate  current  to  the  point 
where  it  will  no  longer  energize  RYj 
and  RYs.  The  delay  is  incorporated 
to  keep  the  instrument  from  operat¬ 
ing  on  a  normal  reset  due  to  over¬ 
load,  since  this  is  not  considered  an 
interruption. 

A  grid  leak  is  not  necessary  be¬ 
cause  of  the  conduction  through  the 
electrolyte  of  C*.  Cathode  bias  resis¬ 
tor  Rt,  being  1000  ohms,  will  bias 
the  tube  to  a  value  numerically  equal 
in  volts  to  the  plate  current  in  ma. 
This  provides  a  convenient  test  con¬ 
sideration,  and  leads  are  incorpor¬ 
ated  for  measuring  the  bias  with  a 
voltmeter.  When  properly  adjusted, 
the  bias  should  be  about  15  v  with 
the  carrier  on  and  about  8  v  with 
no  signal.  The  circuit  C,Li  may  be 
tuned  by  adjusting  for  maximum 
bias  voltage.  Capacitor  C,  isolates 
j  the  antenna  and  limits  the  r-f  input. 

!  The  circuit  arrangement  operates  all 
the  clocks  on  a  117L7  tube  failure, 

!  and  this  calls  the  attention  of  the  op¬ 
erator  to  the  failure. 

As  pointed  out  in  the  introduction, 

I  these  four  devices  are  now  in  actual 
I  use  at  KMOX  and  are  continuing  to 
j  prove  themselves  to  be  well  worth 
I  while  in  preventing  damage  from 
!  arcs  resulting  from  static  discharges, 

!  in  saving  time  and  trouble  when 
I  breakdowns  do  occur,  and  in  adding 
I  to  operating  convenience.  Their  use 
at  stations  not  having  similar  equip¬ 
ment  is  highly  recommended. 


110-VOLTS  A,C 

from  DIRECT  CURRir  T 

w'th  KATOLIGHT  ROTARY  KONVRRTJRr 
otiita  radio  and  oloctronic  oquipoMn- 
picture  proioctort,  sound  apparatus,  A  C  om 
ancos,  otc.  ^ 


225  VOIT- 
AMPfRE  CONVERTER 

Avaiioblo  in  siios  80  through  2500  volt  anps,. 
1800  and  3600  r.p.m.,  boll  boaring  dotigns.  Hr- 
nishod  standard  110-volt  60  cycio  A.C  htn 
32,110  or  220-volts  diroct  current.  0«i«( 
oporotion.  Con  bo  furnishod  with  spociol  liltsriM 
oquipnont  for  sonsitivo  radio  work.  ^ 

PIONEERS  IN  THE  RUILOING  OP 
SJNALL  ROTARY  CONVERTERS 
At  prosont  Koto's  ontiro  production  niuti  b«  «. 
roctod  to  furnishing  convortors  on  high  prlsrH, 

ordors.  Wire  us  if  you  nood  this  kind  of  ■ - 

for  ordors. 

Also  nranufocturori  of  A.C.  and  O.C.  gtnsmfr., 
ranging  from  350  waffs  through  25  K.W.;  povu 
plants/  Froquoney  chongors;  high  frequMcy  gw. 
oratorsi  and  Motor  Gnnorator  Sots. 


KATOLIGHT  COMPANY 

^  ST-  INANKATO,  MINN. 
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YORK,  N  Y 


FINE  MUSICAL  INSTRUMENTS  SINCE  1902 


M  BUIt  b« 

"  hisfc  prl«rhT 
>d  of  oquipiaM 


^  sJtvainieii  4>  <5^ 

^O0‘jh>*‘€Uh 
OtUUunMn^  0i^mcUoi 
c/  Hlat^  in 
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current,  and  last  radio  sta<e 
current  and  modulator  curr  nt 
Gates  Radio  &  Supply  Co.,  Quin( 


NEW  PRODUCTS 


Month  after  month,  manufacturers  do> 
velop  new  materials,  new  components, 
new  measuring  equipment;  issue  new 
technical  huUetins,  new  catalogs.  Each 
month  descriptions  of  these  new  items 
Mdll  be  found  here 


Fused  Quartz 

Two  TYPES  OF  FUSED  QUAKT2  m 
available.  The  type  known  as  tram 
lucent  is  made  from  a  very  pur 
grade  of  sand  and  gets  its  name  fro] 
its  satin  appearance  caused  by  tii 
imprisonment  of  millions  of  air  but 
bles  during  manufacture.  The  othe 
type,  clear  fused  quartz,  is  made  froi 
crushed  natural  crystals  and  is  moi 
transparent  than  glass.  Both  typ< 
are  useful  for  many  types  of  labon 
tory  and  industrial  applications,  pai 
ticularly  those  having  to  do  with  ele 
tricity,  heat,  chemistry  and  optic 
The  manufacturer  can  supply  fug( 
quartz  in  the  form  of  ingots,  rw 
and  tubing  in  a  wide  variety  of  size 
Where  standard  sizes  will  not  fulf 
requirements,  special  sizes  ai 
shapes  can  be  manufactured  to  su 
individual  specifications.  The  pr 
duct  is  normally  supplied,  rough  ci 
for  finishing  to  specifications  by  ti 
purchaser — but  the 


spot  frequency  in  the  range  of  2-20 
megacycles,  and  Type  MO-2686-C 
which  has  continuous  tuning  from 
2-20  megacycles. 

The  equipment  comprising  one 
type  MO-2535  consists  of  the  main 
transmitter  cabinet  (described 
above) ;  a  set  of  five  piezo  quartz 
crystals,  ground  to  customer’s  fre¬ 
quency  requirements;  audio  fre¬ 
quency  and  control  cabinet;  a  push- 
to-talk  microphone  with  a  stand ; 


Communications  Transmitter 
and  Control  Console 

COMlfUNICATIONS  TRANSMirmt,  Type 
MO-2535,  is  for  use  in  applications 
including  military,  aeronautical, 
point-to-point,  emergency,  coastal 
harbor,  relay  broadcasting,  forestry, 
and  other  services. 

The  basic  operational  characteris¬ 
tics  of  the  instrument  are:  Power 
rating  of  200  watts  on  CW  or  ordin¬ 
ary  phone  operation,  and  150  watts 
on  heavy  duty  phone  operation;  car¬ 
rier  frequency  range  includes  any 
specified  5  frequencies  in  the  range 
from  2  to  20  megacycles ;  audio  fidel¬ 
ity  involves  low  distortion  between 
100  and  1,000  cps;  the  keying  speed 
is  60  wpm  (higher  on  special  order) ; 
modulation  capability  is  100  percent 
with  a  safety  factor  allowance  for 


manufacture 
can  arrange  to  have  finishing  dow 
upon  request. 

The  fused  quartz  is  available  froa 
General  Electric  Co.,  Lamp  Dept., 
Nela  Park,  Cleveland,  Ohio. 


Aircraft  Selector  Switch 

A  SNAP-ACTION,  AIRCRAFT  selector 
switch,  known  as  “Cam-Snap  Rotarj 
Tap  Switch”  is  made  with  from  one 


Control  and  Audio  Consol* 

complete  set  of  operating  tubes 
set  of  spare  tubes;  a  kit  of  mis 
laneous  hardware;  and  an  interc 
necting  cable. 

The  transmitter  has  a  main  power  secondary  circuits.  It  may  be  used 

switch.  After  this  one  switch  has  as  a  pilot  compartment  heater  con- 

been  thrown  at  the  beginning  of  any  trol,  wing  fiap  control,  cowl  flap  con- 

operation  period,  the  transmitter  is  trol ;  and  in  other  applications  where 
totally  controlled,  other  than  fre-  the  sequence  of  operation  affects  the 
quency  changes,  by  switching  facil-  operation  of  other  functional  equip- 
ities  on  the  control  and  audio  console,  ment.  Opening  and  closing  of  i 
When  the  mode  of  operation  is  by  switch  circuit  is  accomplished  within 
phone  the  press-to-talk  switch  on  the  three  or  four  degrees  motion  of  the 
microphone  controls  the  carrier  cam.  The  current  rating  is  10  arape 
normal  overload ;  the  equipment  oper-  off -on  as  desired.  A  cable  connects  at  29  volts,  inductive  load.  When 
ates  on  110  volts  a.c.,  60  cps  (special  the  control  console  to  the  transmitter  the  switch  is  used  as  a  selector 
voltage  and  frequencies  are  also  cabinet.  The  cable  is  16  feet  long  but  switch,  it  can  be  mounted  singly  or 
available)  ;  dimensions  are  36x21x19  longer  lengths  are  available.  in  gang  and  operated  by  a  singk 

inches;  weight  350  lbs.  Other  types  Metering  facilities  on  the  trans-  shaft.  The  shaft  is  serrated,  butii 
of  MO-2636  instruments  include  mitter  consists  of  six  meters  which  available  in  hex  or  square  design- 

MO-2535-A  with  continuous  tuning  measure  circuit  conditions  of  the  os-  Any  tyrpe  of  cam-operating  member 


Traaamittor  eobtuot  Typ*  MO-253S 
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supplies  in  advanced  forms 
a  wide  variety  of 


SHEET 


TUBING 


CELLULOSE  ACETATE 


CELLULOSE  ACETATE 


BUTYRATE 


ETHYL  CELLULOSE 


METHACRYLATE 


POLY  ETHYLINE 


POLYSTYRENE 


STYRAMIC 


Fo«  •l•ctronie  ond 
•l•clrical  intwlo* 
lion,  ilaniplngt, 
windowi,  ole. 


Fei  oloctronic 
compononl  portt, 
•K. 


For  •loclTOflic  eon* 
duiis,  compononl 
pom,  olc. 


For  coWo  wrap¬ 
ping  and  mit- 
collanooot  oioc- 
•ronict  *M. 


lomoos  PoMkat  FIbar  and  Poivtori 
sliool,  botb  rooMy  loogh  and  loaiWo. 
(tTiM  iMdomorfc  POLYFUX  is  Pog. 
U.  S.  Pol.  Off.)  For  o  boMoltn  on  machin¬ 
ing  poiy^yrorio  and  olhor  holplol  data, 
writo  Iho  Ploa  Corp.,  133  Walnat  St., 
Hotfford  S,  Conn. 


Eacopl  for  oapotimonlol  work,  lUt  chart 
shows  Iho  complolo  Hno  ot  Plaa  worlfmo 
prodoctien.  In  pooco,  Pioa  oho  OMhat 
hlown  plasHc  orticiot,  high  spood  drawn 
iloms,  iobricatod  polls,  ipocial  shapos, 
olc.,  otc. 

^Polyslvrono  b  aho  ovaiiablo  in  Iho 


1 1  r.TRONICS  —  November  1943 


II 

llhiMHiillt'i 


BY  COMPARISON 


This  is  a  B  &  W  Junior  Air  Inductor 
in  size  comparison  with  the  7.5 
k  ompere-roted  specials  of  the  j 
some  general  construe* 

Hon  and  design. 


is  fu| 


ment.  TIk 


7.5  AMP. 


CONTINUOUS  RATING 


But  the  only  thing  '^Special"  is  the  size 


Actually,  these  20"  giant  B  &  W  Air  Induc¬ 
tors,  wound  with  #8  solid  wire,  are  simply 
grown-up  war  versions  of  the  famous  B  &  W 
Junior  "Air  Wound"  Coils  of  amateur  radio 
fame.  The  only  special  feature  is  the  size 
plus,  of  course,  the  attendant  bracing '  of 
triple  X  bakelite  strips  and  plates  for  abso¬ 
lute  mechanical  rigidity.  They’re  attractive  in 
appearance,  sturdy  as  you’d  ever  expect  coils 
to  be,  and  serve  as  interesting  examples  of 
B  &  W’s  unexcelled  facilities  for  the  produc¬ 
tion  of  special  units— often  with  only  a 


minimum  of  change  from  standard 'designs 
of  unquestioned  dependability. 

Coils  of  this  type  are  available  through 
the  entire  broadcast  frequency  range.  Adapta¬ 
tions’  are  available  for  specific  applications  on 
any  frequency.  Other  B  &  W  coils  in  both 
‘‘Air  Wound"  and  form-construction  types 
can  be  supplied  for  practically 
any  inductance  requirement. 

Details  on  any  type,  or  quo-  ^  \ 
rations  to  your  specifications, 
gladly  sent.  V 


’  ij-  *‘4 

J  1(6.  ■ 
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HOW  TO  TAP  SMALL  COILS— EASILY 

Ever  try  to  tap  a  tiny  coil  where  the  turns  were  so  close  together 
you  felt  as  though  you  were  ^ing  to  fasten  a  rppe  to  a  middle 
tooth  of  a  hne-tooth  comb?  Then  you'll  appreciate  this  special 
B  &  W  small  coil  indent  feature.  The  windings  on  either  side  of 
the  turn  you  want  to  up  are  indented  out  of  the  way,  thus  making 
tapping  quick  and  easy,  anywhere  on  the  Inductor. 


AIR  INDUCTORS 

BARKER  A  WUllAIASONy  235  FAiRRBO  AVL,  UPPER  DARBY,  PA. 


Panel  Instruments 

A  NEW  LINE  OF  SMALL,  thin,  d-C 
panel  instruments  featurin^r  internal- 
pivot  construction  are  available  for 
use  in  aircraft,  radio  and  communi¬ 
cations  equipment,  and  for  applica¬ 
tion  on  various  t3rpes  of  machinery. 
Available  with  either  brass  or  molded 
Textolite  dust-proof  and  moisture- 
resisting  cases  in  21  inch  sizes,  the 
line  consists  of  d-c  voltmeters,  am¬ 
meters,  milliammeters,  micro-am¬ 
meters,  r-f  ammeters  and  milliam¬ 
meters,  and  d-c  volt-ammeters.  The 
volt-ammeter,  one  of  a  group  de¬ 
signed  originally  for  naval  aircraft, 
has  a  push-button-operated  switch  to 
change  the  reading  from  amps  to 
volts.  The  pivots  are  mounted  on  the 
inside  of  the  armature  shell.  One 
jewel  bearing  is  mounted  on  top  of 


RESISTANCE  ALLOYS 
LOW  EXPANSION  ALLOYS 
★  FILNIC  for  FILMENTS 
if  GRIDNIC  for  GRIDS 


40  yMrt  •ip*ri«ne«  In 
nick*!  alloy  production  it 
at  your  sarviea  whan  you 


Elxxibility  is  one  of  the  many 
featiires  of  the  new  General  Elec¬ 
tric  line  of  ELECTRONIC  MEASURING 
INSTRUMENTS.  You  are  given  a  wide 
choice  of  accvirate  apparatus — direct 
from  the  famous  G-E  electronics  lab¬ 
oratories —  for  service,  maintenance 
and  research. 

The  units  include:  G-E  unimeters, 
capacitometers,  audio  oscillators, 
wide  band  oscilloscopes,  square 
wave  generators,  signal  generators, 
power  supply  units,  and  other  util¬ 
ity  measuring  instruments. 

These  sturdy,  dependable,  com¬ 
pact  units  are  now  in  pnoduction 
principally  for  the  Armed  Forces. 
But  they  may  be  purchased  on  a 
priority  if  you  are  engaged  in  war 
work.  After  the  war,  of  course,  the 
full  line  will  be  avaUable  to  every¬ 
body..  . .  Electronics  Departmen  t. 
General  Electric,  Schenectady, 
New  York. 

•  We  invite  your  inquiry  for  G-E  elec¬ 
tronic  measuring  equipment  made 
to  meet  your  apecific  requirements. 


the  core-and-frame  assembly,  and  the 
other  is  mounted  in  an  adjustable 
sleeve  fitted  into  the  lower  part  of 
the  soft-iron  core,  making  the  ele¬ 
ment  assembly  a  single,  self-con¬ 
tained  unit  which  caji  be  removed 
easily  for  inspection  or  repair  in  the 
field.  The  instruments  will  operate 
satisfactorily  in  temperatures  rang¬ 
ing  from  —50  deg.  C  to  70  deg.  C, 
and  are  accurate  to  within  the  limits 
of  rt  2  percent  of  full-scale  value. 

The  instruments  are  more  thor¬ 
oughly  described  in  two  publications. 
The  first  is  GEA-4117,  which  covers 
instruments  designated  as  Type 
DW-53  for  naval  aircraft,  and  the 
second  is  publication  GEA-4064,  cov¬ 
ering  panel-t3T)e  electric  indicating 
instruments  designated  as  Types 
DW-51  and  DW-52. 

General  Electric  Co.,  Schenectady. 
N.  Y. 


Probably  no  othar  organliatlon  It  as 
wall  aoulppad  ai  McGraw-Hill  to 
tolva  tha  compllcatad  problam  of 
lift  ntalntananca  during  thii  pariod 
of  unparallalad  changa  In  Industrial 
parson  nal. 

McGraw-Hill  Mailing  Lists  covtr 
most  major  Industrias.  ihay  art  com- 
pilad  from  axclusiva  sourcas,  and  art 
basad  on  hundrads  of  thousands  of 
mail  quastionnairas  and  tha  raports 
of  a  nation-wida  fiald  staff.  All  namts 
ara  guarantaad  accurata  within  2%. 

Whan  planning  your  diract  mail 
advartising  and  salas  promotion,  con- 
sidar  this  uniqua  and  aconomical  sarv- 
ica  in  ralation  to  your  product.  Datails 
on  raquast. 


ELECTRONICS 
DEPARTMENT 
GENERAL  ELECTRIC  CO. 
Scbaiiactady,  N.  Y. 

Please  send,  without  obligatioo  to 
roe,  the  General  Electric  Measur¬ 
ing  Instrument  Catalog,  £-1  (looee- 
leaf ),  for  my  information  and  files. 

Name _ 


Temporary  Protective  Coating 

This  coating  is  a  thin  film  which 
is  applied  by  a  brush  or  a  dip  on 
either  smooth  or  rough  surfaces.  It 
dries  in  about  15  minutes.  Greasing 
or  packing  in  pliofilm  bags  is  '  not 
necessary,  and  when  it  is  desired  to 
remove  the  coating  no  solvents  have 


Company. 


McGraw-Hill  Pablishing  Co.,  lie. 

DIRECT  MAIL  DIVISION 
330  Wast  42nd  St.,  Naw  York,  18,  N.  Y. 


GENERAL  ^  ELECTRIC 

l77.tS 

Elecfroalc  Maasarlag  Imstramemis 
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M  P  0  R  T  A  N  T  ANNOUNCEMENT 


FOR  THE 


ronic 

ustrv 


FOR  PRESENT  MANUFACTURERS 

AND  COMPANIES  CONTEMPLATING 

THE  PRODUCTION  OF  ELECTRONIC  PRODUCTS 


The  facilities  of  the  Sherron  Electronic  Research  laboratory  are 
now  made  available  to  the  entire  industry  .  .  .  another  Sherron 
service  to  Electronics  advancement.  This  places  at  your  command 
the  specialized  knowledge,  the  engineering  skill  and  experience 
— plus  the  necessary  production  facilities  ...  to  aid  you  in  the 
development  and,  perfection  of  electronic  products.  Fully  equipped 
— and  including  special  ultra-sensitive  testing  instruments,  the 
Sherron  Electronic  Research  laboratories  are  now  serving  as  the 
proving  ground  for  present-day  and  future  achievements  in  elec¬ 
tronics.  Here  today’s  developments  will  become  tomorrow’s 


realities. 


ELECTRONIC  DIVISION 


I^SherroD 
»  Metallic 


CORPORATION 

420t  FLUSHING  AVENUE,  BROOKLYN,  NEW  YOR 
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COM)  CD.31S-A 


IK.48 

PL-47 

PLS4 

PL-55 


)erKarenou 


inTERPHOnE 

communicRTion  equipiueiit 


NOW  IN  PRODUCTION  t  CD-31 8- A 
CD-307-A 
CD-874 
JK-26 


PL-68 
•’A"  Plu9 
BC-366 
BC-347-C 


FE-86 

SW-I41 

JB-47 


Your  inquiry  ia  invitud  on  thusu  and 


otbor  Intmr-comaunicaliou  Equipmunt 


D  TElEVlStON  COBPOBATtOn 


loou  W.  VAN  BUREN  ST„  CHICAGO  7.  ILL. 


METAL  INSTRUMENT  AND 
UTILITY  CABINETS 


Although  the  armed  services  still 


have  first  call  on  this  useful  and 


attractive  BUD  product,  as  on 


other  BUD  precision  parts,  the 


time  is  fast  coming  when  they 


will  be  available  once  again.  Re* 


UUP 


BUD  RADIO,  INC 


CLEVELAND,  OHIO 


to  be  used  because  the  coating  ig 
ily  stripped  off  by  hand.  For  s] 
term  protection  coating  No.  0( 
used,  and  for  long  periods  of  stc 
No.  003  is  available.  The  man 
turer  states  the  temporary  coa 
has  withstood  without  any  , 
100-hour,  3-percent  salt  spray 
on  steel,  copper,  brass  and  ulumii 
Insl-X  Co.,  857  Meeker  Ave  Br 
lyn,  N.  Y.  ’ 


Snap-Action  Switch 


Designed  to  insure  good  con^ 
pressure  and  greater  speed  of 
tion,  a  new  small  open-blade 
action  switch  is  available  for  a 
variety  of  applications  including 
chine  tool  control  device.s,  airer 
landing  gear  controls  and  for 
struction  of  various  relays  and  i 
factors.  The  manufacturer  sut 
that  a  patented  rolling  spring  p; 
duces  a  positive  snap  action  with  k 
than  6  ounces  of  operating  press: 


SHLE  “K"  RESISTORS:  Pow«r  WIr*  Wound  Rosis- 
tors  5, 10,  25,  50,  and  120  watts. 

Wir*  load  or  lug  torminols  on  stylos  5K  and  10K. 

Lug  torminols  only  on  stylos  25K,  50K,  120K. 
Non>inductivo  windings  ovoiloblo. 

Various  typos  of  mounting,  shown  in  catalog. 

STYLES  A,  B,  C,  D,  E,  F:  120,90.50.35,20,10  worn. 

Hormoticolly  soolod  powor  wiro  wound  rosistors. 
Dosignod  to  withstand  salt  wator  immorsion  tosts. 

Forrulo  Torminals  for  fuso  clip  mounting. 

Non>inductivo  windings  availablo. 

STYLE  V.  0.:  10  watt  and  15  watt  wiro  wound. 
Rosistors  designed  to  make  voltage  divider  sections 
when  mounted  end  to  end  on  through  bolt. 


STYLES  MFA,  MFB  3nd  MFC:  Precision  Meter  Multi¬ 
plier  Resistors.  Hermetically  sealed.  Salt  water  immer¬ 
sion  proof. 

Type  MFA — 7.5  megohms  mox. 

Type  MFB — 4  megohms  max. 

Type  MFC — 1  megohm  max. 

STYLE  SP:  Wire  wound  bobbin  type  resistors.  Style 
SP-1,  single  section.  Style  SP-2,  dual  section. 

2.5  watts,  continuous  rating,  per  section. 

250,000  ohms  max.  per  section. 

MEGOMAX  :  High  voltage,  high  temperature,  composi¬ 
tion  resistor.  Hermetically  sealed. 

Type  1—3400  ohms  to  100  megohms 
Type  2 — 6800  ohms  to  100  megohms 

Voltage  and  power  ratings  depend  on  resistance  value. 


SPRAGUE  SPECIALTIES  CO.,  Resistor  Division,  NORTH  ADAMS,  MASS. 
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REGISTERED  TRADEMARK 


This  instnim«nt,  at  a  price  wHhh 
tha  reach  of  any  shop,  is  an  opiieel 
davice  for  measuring  or  comparisq 
objects  by  means  of  a  megnifisd 
image. 

It  It  used  for; 

ekecking  teeh  te  eliniiiMta  erren 
at  seeree. 

las  pec  Wag  aad  weasertag  pKotea 
work. 

screw  aMckine  parts,  etc. 
verifyiag  tool  settiam  ky  ckeck* 
lag  pewts  aiaae. 
ceatraliag  feel  wear  t  k  r  e  a  g  k 
regalar  ckeckiag  of  work, 
iaspectiag  tke  kahked  predact. 

Easy  to  operate,  simple  and  sturdy  k 
construction,  tke  Wilder  Projector  oikn 
many  opportunities  to  spaed  up  maaiw 
ing,  choking  and  inspe^ing. 

■aao  Price  $2«l.n 
WRITI  FOR 

COMFLETi  SFECIFICATIONS 
aad  LITERATURE 

Telephone  CAnal  i.JSI2 
for  Immediate  service 

GEORGE  SCHERR  CO.,  INC. 

Optics  Dopt. 

128  Lofoyatta  St..  Naw  Torfc,  N.T, 


OmiH  dalay  ardaiiac  yaor ‘‘Black  SaaT  Raeard* 
tag  Maoks  bacaosa  af  prioritias.  Aa  AA*2X  ratiag 
la  aotaowticaHy  avaRaUa  ta  aH  broadcactiag 
atatiaas,  racardhig  atodioa  aad  schoab. 

Ha  battar  iastaataaaaaa  racardiag  Maokwas 
avar  OMda,”  say  aagkMars  ia  OMjar  braadcatl* 
iof  atatiaas  fraoi  caast*ta-caast  af  tha  mm 
fiaoM-Maady  “Black  Sad”  Glass  Base  lastao* 
taoaaos  Racanflag  Blanks. 

Eadasiag  yaor  priarity  ratiaf  iihaa  ardarkW 
«M  axpadita  daRvarias. 


army  radio  equipment.  It  is  a  carbon 
type,  mounted  in  a  synthetic  rubber 
neckpiece  with  an  elastic  neckband. 
The  plug  is  a  midget  two-prong 
breakaway  type  and  is  non-locking 
and  therefore  easily  disconnected. 
Also  available  with  the  microphone 
is  an  extension  cord  and  a  switch  as¬ 
sembly  which  contains  the  press-to- 
:  talk  switch  for  the  microphone  and  i 
I  control  relay  circuit. 

!  Kellogg’s  equipment  is  a  pair  of  j 
I  tiny  mikes  that  fit  snugly  against  the  ' 


Throat  Microphones 

Both  the  Universal  Microphone  Co., 
(Inglewood,  Cal.)  and  Kellogg 
Switchboard  Supply  Co.  (6650  S. 
Cicero  Ave.,  Chicago,  Ill. )  have  avail¬ 
able  throat  microphones. 

Universal’s  microphone  is  desig¬ 
nated  as  T-30  and  is  available  in  bulk 
orders  to  sub-contractors  and  prime 
government  contractors  for  use  on 


Through  ono  of  thot*  onnoying  unon 
that  giTP  prpmaturp  groj  hain  to  pub¬ 
lishers  and  advertising  men,  th* 
wrong  telephone  number  wos  givm 
in  the  advertisement  oi  Stallman  oi 
Ithaca  (New  York)  In  that  concem'i 
full  page  advertisement  in  the  Sup- 
tember  issue  of  Electronics. 
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CAN  GIVE  YOU  THE 
RECORDING  BLANKS 
YOU  REQUIRE 


GLASS 


BASE 


INSTANTANEOUS 


RECORDING 


BLANKS 


throat  and  pick  up  words  directly 
from  the  vocal  cords  without  noise 
from  an  engine  or  gunfire. 

Both  of  these  microphones,  are  de¬ 
signed  to  free  the  wearer’s  hands  for 
other  duties. 


Actually,  Stallman  of  Ithaco's  'pbonu 
number  is  Ithaca  2297  and  NOT 
Worth  2-6276,  which  was  the  way  it 
appeared  in  the  advertisement  after 
the  typographic  gremlin  had  gotten  ia 
its  work. 

As  wholesale  distributors  serving  the 
New  York  state  territory,  this  concern 
features  prompt  deliveries  on  Elec-  || 
tronic  and  Laboratory  components  oi  j 
all  types,  industrial  fluorescent  light-  | 
ing,  tools,  and  electronic  consulting  j 
service.  I 


1NE  GOmD-MOODY 
COMPANY 

RfCORDfNG  BLANK  DIVISION 

395  MOADWAY  •  NEW  YORK  13,  N.  Y. 


STALLMAN’S 

'PIONE  NUMBER  IS 

Ithaca  2297 


CARBON  COMPANY 


ST.  MARYS,  PA. 

CHICAGO  •  CLEVELAND  DETROIT 
MILWAUKEE  •  NEW  YORK  PITTSBURGH 


HOPE  THIS  TUBE’S 
LIKE  THE  LAST  ONE 


’’Boy,  that  last  transmitter  tube  was  a  honey! 
Dished  out  the  old  signals  like  a  dream— for  pretty 
nearly  twenty  thousand  hours.  You  could  pile  on 
the  power  when  you  had  to  and  the  old  tube  never 
acted  up  afterwards.  Seemed  like  the  sky  was  the 
limit  on  high  frequencies ...  Wish  all  tubes  were 
like  that. .  .** 

They  can  be,  when  built  with  SPEER  graphite 
anodes.  It's  remarkable  how  much  more  life  and 
stability  you  pack  into  rectifier  and  transmitter 
tubes  with  SPEER  anodes.  Their  graphite  struc¬ 
ture  dissipates  heat  faster,  minimizes  insulator 
leakage  and  gas  troubles.  Graphite  anodes  keep 
their  original  dimensions  in  service.  Warping 
and  fusing  is  impossible  —  even  under  repeated 
overloads.  Tubes  with  SPEER  graphite  anodes 
materially  improve  the  operation  of  any  trans¬ 
mitter.  Write  for  our  Anode  Booklet  and  list  of 
manufacturers  using  SPEER  graphite  anodes. 
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2-25  UtSI  tint  SIHM  I 


VOLTAGE 


CURRENT 


FLUCTUATION 


REDUCED 


•,v:th  amperite 
Vi  'I.TA  ;k  varies 


V(  )I.TA'  ,E  r  .  IV 
BATTERY  6  fTHAR  '-ER 
VARIES  AERR'^'X 


IKICCDQ,  4  gage  folder  will  help  you  solve 

JliM  VJ^IfVdrfCO.  Current  and  Voltage  Problems;  contains 
much  valuable  data  rn  practical  form  Write  for  your  copy  now. 

AMPERITE  CO.,  561  Broadway,  New  York  (12),  N.  Y. 

In  Canada:  Atlas  Radio  Corp.,  Ltd.,  560  King  St.,  W.  Toronto 


AMPemn 

REGULATORS 


1.  Amperites  cut  battery  voltage  fluctua¬ 
tion  froin  approximately  50%  to  2%. 

2.  Hermetically  sealed  —  not  affected  by 
altitude,  ambient  temperature,  humidity. 

3.  Compact,  light,  and  inexpensive. 

Used  by  U.S.  Army.  Navy,  and  Air  Corps. 


be  changed  from  the  front  of  the 
panel  without  disturbing  the  bod.v 
mounting  or  wiring. 

Ventilated  for  cool  operation,  the 
pilot  light  is  available  with  either 
faceted  or  plain  jewels  from  the 
manufacturer,  Gothard  Mfg.  Co- 
1300  N.  Ninth  St.,  Springfield,  Ill. 


DELAY  RELAYS:  For  dmJays  from 

NamwticaUy  mahd.  Unoffactad  by  aititurh. . . .  Sene 
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This  is  the  reason 
they  caiied  the  tube 


boes  it  seem  far-fetched  to  you? 

■  Can  there  be  any  pdesible  similarity 
^iween  an  ocean  wave  and  an  ultra- 
■gh  frequency  tube? 

I  As  a  matter  of  fact,  there’s  a  very 
definite  similarity. 

C  A  breaking  wave  is  the  best  way  we 
■iow  to  picture  what  happ>ens  to  elec- 
kons  in  the  KLYSTRON  tube  invented 
1^  the  Varian  brothers— Russell  and 
Sgurc!  -and  Dr.  William  W.  Hansen. 

Inside  this  tube,  the  inventors  were 
it!e  to  direct  a  stream  of  electrons 
ao^-id  concentrated  their  power  and  re- 
It- se  it  much  as  waves  do  when  they 
•f’urc  into  crests  and  crash  on  the 


That’s  why  the  tube  is  called  KLYSTRON. 
The  name  comes  from  a  Greek  word 
that  denotes  the  breaking  of  waves  on 
a  beach. 

Initial  research  on  the  klystron 
was  done  in  California  at  Stanford 
University.  The  Sperry  Gyroscope 
Company  was  quick  to  see  the  tube’s 
possibilities.  So  they  helped  the  invent¬ 
ors  carry  on  further  development  of 
the  KLYSTRON  as  a  valuable  tool  of  war 
and  aeronautics. 

When  the  tube  got  beyond  the  early 
experimental  stages,  the  Varian  broth¬ 
ers  and  Dr.  Hansen  joined  Sperry’s 
staff  of  inventors,  engineers,  and  re¬ 
search  men. 

With  the  close  co-operation  of  the 


Army  and  Navy,  the  development  and 
perfection  of  the  klystron  continued, 
and  is  still  continuing. 

Applications  of  the  klystron  in¬ 
clude  the  generation,  amplification,  and 
reception  of  ultra-high  frequency  waves. 
Naturally,  they  are  being  devoted  ex¬ 
clusively  to  war  uses  at  present 

When  the  war  is  won,  Sperry  re¬ 
search  will  explore  the  fascinating  field 
of  KLYSTRONics**  in  relation  to  the 
comfort  and  security  of  a  world  at  p>eace. 


SPERRY 

GYROSCOPE  COMPANY,  Inc. 

BROOKLYN,  N.  Y. 

Division  of  tho  Sporry  Corporation 


^KLYSTRON  is  a  registered  trademark 
of  the  Sperry  Gyroscope  Company- 
Registration  No.  371650. 
♦♦Trademark 
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A  lib.  BILLET  OF  ALLOY 

maJie^ 

106  MILES  o/ 

JELLIFF  ALLOY  "C”  WIRE 

(.0008)  7  , 


e^Uineiu 
in  the. 

JELLIFF 

MILL 


THE  C.  0.  JELLIFF  MFG.  CORP. 

SOUTHPORT-CONN. 

SPECIALISTS  IN 

FINE  WIRES 


Plastic  Tubing 

“Striatube”  plastic  tubing  for 
electrical  insulation  is  available  with 
one  or  more  color  stripes  extruded 
into  the  body  of  the  tubing  to  make 
easy  identification  possible.  The  color 
stripes  are  an  integral  part  of  the 
extrusion  and  are  as  permanent  as 
the  body  of  the  tubing  itself.  Either 
opaque  or  transparent  tubing  can  be 
had  with  one  or  more  contrasting 
color  stripes  in  any  combination  de¬ 
sired.  Characteristics  of  the  tubing 
include  high  dielectric  strength ;  non- 
oxydizing  properties;  resistance  to 
acids,  alkalies,  oils  and  greases;  and 
resistance  to  deterioration  due  to 
aging  or  constant  exposure  to  light. 
The  tubing  is  available  in  either  flex¬ 
ible  or  rigid  form  in  a  wide  variety 
of  sizes,  lengths  and  thicknesses,  as 
well  as  various  degrees  of  flexibility. 

Carter  Products  Corp.,  6921  Car¬ 
negie  Ave.,  Cleveland  3,  Ohio. 

Portable  Dual-Tester 

Model  No.  804  dual-tester  is  a  new 
portable  tester  equipped  for  direct 
testing  of  all  acorn  tubes,  as  well  as 
old  and  new  types  of  regular  receiv¬ 
ing  tubes,  rectifiers,  etc.  It  measures 
14^x13x6  inches,  weighs  12i  lbs.,  and 
comes  ready  for  operation  on  106- 
135  volts,  50-60  cps.  Functioning  as 
a  multimeter,  the  ohmmeter  reading 
ratio  is  500,000,000  to  1;  current 
reading  ratio  is  1,000,000  to  1;  volt- 


•  NUMBERALL , 


NUMBERING  and 
LETTERING  PRES 


Quickly  stamps  serial  numban 
and  other  details  on  nam« 
plates,  names  and  numbers  on 
tags,  etc.  Can  also  be  fur. 
nished  for  HOT  stampinq. 
Write  for  catalog. 

NUMBERALL 

STAMP  &  TOOL  CO. 

HafiMMot  Park  States  Itlssil.  N.  T. 


(aa 


SPEAKERS 
cr«  BOW  Hi 
ACCEPTED 
STANDARD 


^-4 


V 


R  USI 

• 

r  REFLEX 
n  til* 
RSITYLM 


I  rtwlt  tl 

ARS*i 

CARCH 


r  REFlfil 

I  tiM 

ISiTYUM 
vital  H 
ly  i«  Rm 

»R06llAti 


Need  a  Rectifier? 

Then  you  will  want  to  know  which  type  is  best  for  your  specific 
requirements — Copper  Oxide,  Selenium  or  Tungar. 

General  Electric  can  give  you  an  impartial  answer  because  Gen¬ 
eral  Electric  manufactures  all  three. 

When  next  you  need  a  reaifier  you  can  get  a  valuable  consulting 
service  (no  obligation,  of  course)  through  G-E  Tungar  and  Metallic 
Rectifier  Engineers.  Address  inquiries  to  Seaion  Al  137-119,  Appli¬ 
ance  and  Merchandise  Department,  General  Electric  Company, 
Bridgeport,  Conneaicut. 


GENERAL 


ELECTRIC 
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CARTER  'Semmatbt 

THE  RELIABLE  POWER  SUPPLY 
DF  FAMOUS  CDMMUrtICATIDN  EQUIPMENT 


Thousands  of  these  Carter  Original  Ganemotors  are  constantly  providing  that 
something  "extra"  in  MOTOROLA’S  famous  FMT-30D  Mobile  FM  Radio  trans¬ 
mitter,  pictured  above.  Why  not  submit  your  requirements  and  become  acquainted 
with  this  preferred  Power  Supply? 

the  latest  catalogue  of  Carter  products  will  be  sent  upon  request. 


Hydrogen  Gas  Purifier 

Removing  residual  oxygen,  inois- 
ture,  and  other  active  contaminating 
gases  from  commercial  hydrogen  may 
be  accomplished  by  a  gas  purifier 
which  is  available  for  applications 
such  as  prevention  of  oxidation  in 
steel-heating  furnaces,  reduction  of 
metallic  parts  in  the  production  of 
electronic  tubes,  the  welding  or  braz¬ 
ing  of  metals  in  an  atmosphere  of 
pure  hydrogen,  and  also  for  hydro¬ 
genation  in  various  food  industries. 
The  hydrogen  gas  to  be  purified 
passes  through  an  electrically  heated 
furnace  which  holds  a  calorized  seam¬ 
less  steel  tube  containing  small  pieces 
of  pure  copper  for  removing  oxygen. 
The  gas  moves  progressively  through 
three  glass  containers  filled  with 
purifying  ingredients  such  as  caus¬ 
tic  potash  or  sodium  lime.  The  gas 
finally  passes  to  three  supply  lines. 
Each  of  the  supply  lines  is  controlled 
by  one  adjustable  diaphragm-reduc¬ 
ing  valve  which  is  capable  of  reduc¬ 
ing  the  pressure  down  to  i  lb  per 
square  inch.  The  oven  of  the  purifier 
operates  on  110  or  220  volts.  An  auto¬ 
transformer  is  provided  for  regu¬ 
lating  the  heat.  All  parts  of  the 
equipment  are  mounted  on  a  frame  of 
heavy  square  steel  tubing.  Remov¬ 
able  caps  on  top  and  base  of  the  glass 
dryers  permit  easy  filling  or  occa¬ 
sional  cleaning. 

The  purifier  is  available  in  differ¬ 
ent  sizes  from  Eisler  Engineering 
Ck).,  Inc.,  740  South  St.,  Newark, 
N.  J. 


^  Removable  Snap-socket 
^  Rigid  Non-short  Terminals 


Gothoid  Series  800  Pilot  Lights  are  particularly  adapted  to  aircraft, 
radio,  switchboards  and  a  wide  range  of  electrical  devices.  Socket 
and  new  style  rigid  terminals  that  cannot  work  loose  or  twist  are 
integral  parts  of  the  spring  member,  which  locks  firmly  into  Jewel 
housing.  Socket  is  easily  removed  with  spring  member  for  replace¬ 
ment  of  lamp  bulb.  Bulb  may  also  be  iruerted  from  front  of  panel 
by  removing  slip-ring  mounted  Jewel.  Range  of  Jewel  colors — plain 
or  faceted— ^miniature  or  candelabria  screw  sockets,  or  miniature 
bayonet  sockets. 


•  Ask  for  Gotbard  Pilot  Light  Assemblies 
Catalog  lor  complete  information. 


MANUFACTURING  COMPANY. 

1310  North  Ninth  Street,  Springfield,  IIBnois 


Alloy  Plastic 

The  manufacturer  of  this  plastic, 
known  as 


Emeloid”,  says  it  is  a 
controlled  plastic  with  character¬ 
istics  similar  to  those  brought  about 
in  steels  which  have  been  treated 
with  different  alloys.  As  a  result,  it 
is  possible  to  obtain  hardness,  soft¬ 
ness,  elasticity,  toughness,  freedom 
from  magnetic  attraction,  etc.,  or  a 
combination  of  these  characteristics. 
The  plastic  may  be  used  in  some  ap¬ 
plications  to  replace  metal.  The  plas¬ 
tic  can  also  be  formed,  molded, 
shaped,  cut,  sheared,  sawed,  punched, 
pierced,  stamped,  polished,  drilled, 
machined,  lithographed  and  printed. 
It  is  light  in  weight  and  available  in 
several  grades,  in  either  clear  or  as¬ 
sorted  colors. 

The  Emeloid  Co.,  287  Laurel  Ave., 
Arlington,  N.  J. 


1406  Mltweskee  4v«.  Carter,  a  well  know*  same  Is  radio  far  aver  tweety  yean.  Cable:  Ibeeemetar 
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AUri  o\  Progress  jnd  Qujlsty 


FERRANTI  ELECTRIC,  INC.  •  RCA  BUILDING 


N  EV/  TORK  CITY 


lagfc  Mbievements,  yesterday  the  dreams  of  man,  today  become  working 
fiitifalities  through  the  art  of  Eiectrossics,  applied  to  Science  and  Industry. 


Todiy  atll  the  proven,  skill  and  experience  of  Ferranti 
'ngineers  and  manufacturing  facilities  are  properly  de¬ 
nted  to  perfecting  new  refinements  of  Transformer  de- 
gn  and  construction  to  speed  Viaory. 

But  TOMORROW  .  .  .  these  Ferranti  improvements 
0  longer  will  he  “military  secrets.”  They  will  become 
working  tools  in  a  new  world  of  American  Industry.  The 
;ader$hip  established  by  Ferranti  Quality  will  help  you 
neet  the  challenge  of  new  postwar  developments,  with 
n  even  higher  degree  of  efficiency  than  it  helped  in  the 
ays  that  have  gone  forever.  Consult  with  Ferranti  now 
■  OH  yostr  postwar  plans  for  tomorrow. 
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CAPACITY 
RANGE: 
2.5  TO 
16  MMF 


ELECTRONIC  PRODUCTS 


KetMiiiance  Meter 

Type  MW-60  Resonance  indicator  is 
a  rectifier  type  vacuum-tube  volt¬ 
meter  which  provides  means  of  de¬ 
termining  resonance  in  oscillators 
and  transmitters,  measuring  stand¬ 
ing  wave  ratios,  checking  transmis¬ 
sion  lines,  antenna  systems,  tank  cir¬ 
cuits,  coupling  devices,  and  providing 
modulation  indication.  It  is  ruggedly 
constructed  and  may  be  used  for 
resonance  measurements  in  the  field 
as  well  as  in  the  laboratory.  It  is 
particularly  useful  in  connection  with 
the  installation  and  maintenance  of 
absolute  altimeters,  blind  landing 
markers,  glide  path  markers,  airport 
traffic  control,  weather  teletype,  and 
broadcast  relay  circuits.  Measure¬ 
ments  are  made  in  the  ultrahigh-fre¬ 
quency  range  from  130  to  600  Me. 
The  meter  will  not  be  damaged  by 
severe  over-loads.  The  diode  volt¬ 
meter  head  can  be  moved  along  the 
main  axis  of  parallel  rods  so  that 
optimum  impedance  matching  can 
be  obtained  between  the  tuned  cir¬ 
cuit  and  the  indicator.  A  sliding  bar 
is  provided  so  the  operator  can  reson¬ 
ate  the  parallel  rods  to  the  desired 
frequency. 

Erco  Radio  Laboratories,  Inc., 
Fenimore  Ave.,  Hempstead,  N.  Y. 


One  of  the  most  com¬ 
plete  works  of  its 
kind  ever  published, 
this  outstanding  refer¬ 
ence  work  presents  a 
wealth  of  essential 
theory  and  up-to- 
date  standards,  prac¬ 
tice,  and  data,  espe¬ 
cially  selected  and 
organized  to  meet  the 
needs  of  the  engineer 
dealing  with  practical 
radio  and  electronic 
problems. 


Aetutd  SiMe 


BADIO  ENGINEEBS' 
HANDBOOK 


By  Frederick  E.  Terman 

ProfeMor  of  Elearical  Eogiacering  and  Ei. 
ecutire  Head,  Electrical  Engincenna  IV 
partment,  St^ord  Unireraky  (absm  m 
leave).  Director,  Radio  Reaeardi  Laban- 
toty.  Harvard  Univeraity 


™  Low  Loss 
Aiign-Airo 
Trimmerl 


13  big  tactioRS,  cevarisg 

1.  Tables,  Mathematical  Relations,  ind 
Units 

2.  Circuit  Elements 

3.  Circuit  Theory 

4.  Vacuum  Tubes  and  Elecuonics 

5.  Vacuum-tube  Amplifiers 

6.  Oscillators 

7.  Modulation  and  Demodulation 

8.  Power-supply  Systems 

9.  Radio  Transmitters  and  Receivers 

10.  Propagation  of  Radio  Waves 

11.  Antennas 

12.  Radio  Aids  to  Navigation 

13.  Measurements 

Terman’s  Handbook  concentrates  on  thosf 
topics  which  the  radio  man  thinks  of  as  con¬ 
stituting  radio  engineering  —  presented  b 
concise  descriptions,  fundamentals,  formula 
procedures  useful  in  actual  design,  tablti 
diagrams,  etc.  Consult  it  for  data  needed  b 


Meissner  improved, 
low  drift, 
Align-Aire  Trim- 
mers  are  ideally 
suited  for  operation 
under  high  humidity.. .and  in  critical 
R.F.  circuits... 320O  degrees  rotation... 
less  than  1  mmf  per  180  degrees! 


Copper  Coaxial  Cable 

Soft  temper  coaxial  cable  is  avail¬ 
able  in  continuous  lengths  up  to  sev¬ 
eral  thousand  feet.  The  cable  is 
wound  on  wooden  reels  and  has  the 
same  electrical  characteristics  as 
rigid  cable  of  the  same  size  (I  inch). 
The  cable  can  be  easily  uncoiled  and 


Dissipation  factor  at  1000  kc:  .064%... 
Q-1570... dissipation  factor  at  40  me: 
3.7% .. .  insulation  resistance :  greater  than 
1500  megohms... breakdown  over  350 
volts,  60  cycles. ..700  volt  AC  breakdown 
available  on  special  order. 

Meissner  Align- Aires  are  encased  in  the 
newly  developed  Type  16444  Bakelite... 
compact  in  size:  in  diameter  by  1%* 

long.  Sample*  tent  upon  requetU 


branches  of  work.  Check  your  method! 
against  best  accepted  practice.  Save  tim 
trouble,  and  error — get  quidc,  dependiblt 
answers  to  your  questions,  when  you  neeii 
them,  from  Terman’s  Radio  Engineers’  Hini 
bo<^. 

Sm  one  *f  tke  first  topies  off  press.  Jna 
mail  the  coupon;  pay  tor  or  return  tht 
book  after  examination.  This  authoritatin 
and  convenient  summary  of  radio  engioeef- 
ing  knowledge  can  be  of  constant  too 
vaTuable  aid  to  you.  Send  the  coupui 
today. 

10  DAYS'  FREE  EXAMINATION 


MsGraw-HIII  Bosk  Co..  330  W.  42s0  OL,  Nm 
York.  18.  N.  Y. 

Send  me  Terman’s  Badlo  Bnslneen’  Bis^ 
book  for  10  days'  ezamlnatioo  on  snvtwsl.  u 
10  days  I  will  send  you  34.00  i»lus  tom  emss  poS- 
age  or  rotntn  book  nostpaid.  (We  pay  pestsn  * 
cash  orders.) 


bent  by  hand  to  the  desired  contour. 
The  cable  may  be  obtained  with  spe¬ 
cial  glass-insulated  terminals,  and  if 
desired,  can  be  shipped  under  pres¬ 
sure. 

The  Andrew  Co.,  363  East  75th  St., 
Chicago  19,  Ill. 


Name 


Position 


Company 
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fcARMYr— l 


JUST  THE  RELAY  YOU  WANT 


When  you  can  select  the  relay  that  exactly  meets  your  require¬ 
ments  from  a  regular  line,  you  have  saved  man  power,  time  and 
money.  WARD  LEONARD  RELAYS  include  types  and  sizes  tor 
every  application.  They  all  have  crisp  action,  are  dependable 
and  durable  yet  consume  but  little  current.  Why  have  a  "spe¬ 
cial"  designed  when  there  is  an  existing  WARD  LEONARD  Relay 
that  will  serve  your  purpose? 


«eiver' 


te$  on  thox 
cs  of  as  cofr 
sresented  u 
Is,  formulas, 
rsign,  tables 
ta  n^ed  ii 
practice. « 
jroWems  « 
>ur  methods 
Save  tune 
,  dependable 
en  you  need 
ineers’  Hand 


^  Relay  Bulletins 


Bulletins  are  available  describing  light,  intermediate  and 
heavy  duty  relays  in  various  contact  combinations,  high 
voltage  relays,  metal  and  molded  base  midgets,  aircraft 
power  relays,  transfer  relays,  sensitive  relays,  thermal  and 
motor  driven  time  delay  relays,  latch-in  relays,  and  variouus 
types  of  radio  relays.  Send  for  the  data  bulletins  of  interest 


prtts.  jn« 
mum  the 
utboriutiTe 
D  engioetf' 
uunt  uM 
he  coupui 


RELAYS  •  RESISTORS  •  RHEOSTATS 


Eleefrie  control  fy/n  devices  since  1892. 


^ARO  LEONARD 

fLi  ‘  TRONICS — 


ELECTRIC  COMPANY.  32  SOUTH  STREET.  MOUNT  VERNON.  N.  Y 


November  1943 


NEW  DIALCO  Catalog 

OF  WARNING  &  SIGNAL 

PILOT  LIGHT  ASSEMBLIES 


^  24  poges  oi  roluabi*  dota  on  tho  most 
^  oxtonsivo  line  oi  Warning  &  Signol  Pilot 
light  Assemblies  —  oomi^etelY  corering 
edi  Electricalv  Eh»etronic,  Rodio,  Maxine 
and  Industrial  applications. 

An  indispensoble  guide  for  Engineers. 
Technidana.  and  Purchasing  Agents. 

Write  /or  yoor  copy,  am  company  /etteclMKid.  todayl 


D-C  Voltage  Generator 

Developed  as  a  control  componkv 
is  a  20-ounce  d-c  voltage  tener;. 
which  uses  a  permanent  maj;  tiet  fie! 
The  unit  may  be  used  as  a  tju  horn.r 
generator  or  a  circuit  control  ^rprl 
ator.  The  permanent  magnets  ai 
made  of  Alnico.  The  output  vnlh. 
is  rated  at  approximately  2  volts  ^ 
100  rpm  and  is  linear  with  snet 
within  1  percent.  ¥oltages  are  eogj 
to  within  1  percent  for  the  saw 
speed  in  either  direction  of  rotatii^ 
Internal  resistance  is  230  ohms.  Le 
than  I  ounce-inch  torque  is  require 
to  rotate  the  armature.  For  iJ 
speed  applications,  silver  commuta 
tors  and  brushes  are  available 
stead  of  copper.  The  mounting  rln| 
measures  2  A  inches  in  diameter  am 


the  over-all  length  of  the  alumiaji 
housing  ia  3i  inches. 

Eastern  Air  Devices,  Inc.,  3ll 
Dean  St.,  Brooklyn,  N.  Y. 


Insulation  Testers 

The  manufacturer  states  these  n^v 
“Megger”  insulation  testers  are  he 
the  first  instruments  of  their  type  .5 
be  made  in  this  country.  They  a; 
similar  to  the  manufacturer’s  “Mei:’ 
(variable  pressure)  and  “Si.  r 
Meg”  (constant-pressure)  ^v;t^ 
rated  up  to  500  volts  and  1000  ri  tf 
ohms,  except  that  they  are  housed 
plastic  molded  cases.  The  ii  -j 
ments  are  of  the  “Megger”  genera:  r 
and  direct-reading  ohmmeter  '  r 
which  operate  simply  by  turning 
crank  and  reading  a  scale.  The 
eral  assembly  of  the  instrument  : 
eludes  an  ohmmeter,  genera’ : 
gears,  crank  and  the  main  case. 

Bulletin  No.  1735  describes  a 
illustrates  the  testers  and  is  ava.. 
able  from  the  manufacturer, 

G.  Biddle  Co.,  1211  Arch  St.,  P 
delphia  7,  Pa. 
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HANOVIA 

Inspectolite 

Reveals  surface  faults  in  metal  by  ul¬ 
tra-violet  fluorescence. 

Method  is  rapid,  positive  and  inexpen¬ 
sive. 

Used  in  many  war  plants. 

Write  tor  further  information. 


A  COMPLETE  LINE  OF  QUARTZ  MERCURY  ARC 
LAMPS  AND  TRANSPARENT  FUSED  QUARTZ. 

HANOVIA 

CHEMICAL  &  MAHUFACTURING  CO 

Dept.  E-4*  Newark,  N.  J. 


numK 

Evm 

BttemBR 

SHOUIP 

HAVBf 


DIAL  LIGHT  CO.  OF  RmERICfl,  Inc. 

90  WEST  STREET  .  -NEW  YORK  i6l,  N.  Y. 


The  Jungle  •  •  • 


Vecfro/f/^S/9ec/a/f/es 
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that  came  to  New  England 

L  In  use,  Sickles  electronic  specialties  accompany  the  Allied 

_  armed  forces  into  every  extreme  of  climate — steaming  trop- 

ics,  burning  deserts,  frozen  northlands  ...  on  land,  sea,  and 
in  the  air.  So  to  help  make  sure  that  our  products  continue  to  exceed  the  rigid 
specifications  of  government  procurement  agencies  ...  to  knou’  that  they’ll  stand 
up  in  service  . . .  we’ve  brought  the  jungle  to  Chicopee,  and  the  arctic  and  desert 
as  well.  This  hot-cold,  wet-dry  box  duplicates  conditions  under  which  Sickles 
products  must  operate.  It’s  part  of  Sickles  unusually  complete  testing  labora¬ 
tory  .  .  .  one  more  reason  why  you’ll  benefit  by  specifying  Sickles  coils,  con¬ 
densers,  and  other  units  when  Victory  is  w’on.  \ 


The  F.  W".  Sickles  Company,  Chicopee,  Massachusetts 


We’ll  make  it 
for  you! 


■—or  help  you  make  it 

Plant  facMties  and 
trained  tachnidans  of 

RAIIO  WIRE  TELEVISION  INC. 

now  avalabia  for  manafacturins 
Elactronic  and  assodatad  products. 

W0  hmvm  b—n  making: 

Pra-amplfiers  •  Power  supplies 
Ractifiar  Units  •  Cord  Sets 
Wo  have  done  much  work  Involving 
Chassis  Wiring  •  Assembling 
Soldering  etc. 

Wo  can  handia  all  kinds  of 
Sob- Assombiy  Work. 

Among  our  Customora: 

U.  S.  Army  Signal  Corps 
Largo  Industriai  Concerns 

ExamIno  our  CrodonUala: 

ONE  OF  THE  OLOEST  and  Ivgest 
radh)  supply  houses  bi  the  world. 
22  years  expeilonca  hi  this  fMd. 

WE  HAVE  MAOE  Public  Address 
and  Sound  Equipment  for  the  past 
tan  years. 

WE  HAVE  PIONEERED  several  new 
audto  developments. 

COMPETENT  ENGINEERING  STAFF, 
expert  purchasing  and  expediting 
departments. 

KNOWN  TO  ALL  MANUFACTURERS 
in  the  fWd— to  many  as  far  back 
as  1921— and  therefore  in  position 
to  demwid  and  get  preferentiai 
treatment 

NO  LABOR  SHORTAGL  Plant  fad> 
■ties  hi  New  York  area. 

3  PRIVATE  TELEPHONE  LINES 
reserved  exdusiveiy  for  personal 
and  efficient  service  to  industrial 
customers. 

iNQuiKies  iNvneo 
CONSULT  US  WITHOUT  OBLIGATION 


Imbio  Wire 
Trims  ion  Inc. 

100  SIXTH  AVENUE  NEW  YORK 
BOSTON  MASS  ■  NEWARK  N  I 


NEED  RADIO  PARTS? 

We  carry  large  Btock$  of  radfio  and 
electronic  part$  at  all  times,  W'e 
distribute  the  products  of  all 
nationally^knoscn  manufacturers  of 
radio  and  electronic  equipment, 
immediate  shipment  on  anything 
in  stock^^no  need  to  split  orders, 
Naturally^  items  restricted  by  W'PB 
are  held  for  government  sale  only, 
FREE:  catalogs,  supplements  and 
bargain  fiyers  schich  we  publish 
from  time  to  time  will  be  mailed 
to  you  without  charge,  on  request. 


Multi-Contact  Plugs 
and  Sockets 

Series  No.  2400  of  multi-contact 
plugs  and  sockets  incorporate  new 
features  which  include  increasing 
the  leakage  path  and  incorporating  a 
new  type  of  contact  designed  to  im¬ 
prove  current-carrying  characteris¬ 
tics.  This  series  is  interchangeable 
with  the  manufacturer’s  No.  400 
series.  The  plug  and  socket  bodies 
are  made  according  to  Navy  specifi¬ 
cations,  and  are  interchangeable  with 
either  a  cap  or  a  bracket.  Sizes  range 
in  2,  4,  6,  8,  10  and  12  contacts  and 
are  available  with  either  a  shallow 
bracket  for  flush  mounting,  deep 
bracket  for  recessed  mounting  or 
with  a  metal  cap  with  or  without 
cable  clamps.  Contacts  are  mounted 
into  recessed  pockets.  Barriers  sur¬ 
rounding  the  contacts  are  designed 
to  increase  contact-to-contact  and 
contact-to-ground  distance,  thereby 
increasing  the  voltage  rating.  The 
socket  contacts  are  phosphor  bronze, 
silver  plated.  The  plug  contacts  are 
of  brass. 

Howard  B.  Jones,  2460  W.  George 
St.,  Chicago,  Ill. 


Carbon  Pile  Voltage  Regulator 

Type  1042  designates  carbon  pile 
voltage  regulators  which  will  handle 
many  types  of  aircraft  generating 
systems  and  will  control  the  voltage 
of  24-volt  aircraft  systems  which  use 
engine-driven  generators  in  either 
single  or  parallel,  main  engine  or 
auxiliary  engine  operation  and  rated 
from  1.5  to  6  kw.  The  regulator  can 
be  used  in  conjunction  with  any  30- 
volt  generator  that  requires  a  resis¬ 
tance  range  of  0.7  to  55  ohms  and 
where  the  maximum  regulator  wat¬ 
tage  will  not  exceed  75  watts  contin¬ 
uously.  For  installations  where  the 
voltage  regulator  can  be  blast  cooled, 
the  unit  may  be  operated  continu¬ 
ously  at  100  watts.  The  voltage  reg¬ 
ulation  of  the  instrument  will  not  be 
subject  to  more  than  0.2  volts  varia¬ 
tion  regardless  of  the  position  in 
which  the  regulator  is  mounted. 

The  regulator  consists  of  a  stack 
of  carbon  discs  held  in  a  supporting 
housing  which  has  fins  to  facilitate 
the  dissipation  of  heat.  Carbon  con¬ 
tact  plugs  at  either  end  of  the  stack 
provide  electrical  contact  to  the  car¬ 
bon  pile.  Regulation  is  accom¬ 
plished  by  increasing  or  decreasing 


nil 


HEAT 


COLD 


UMIDIT 


THERMATITE  TREATED 

THERMADOR 

TRANSFORMERS 

Thermador  Transformers  are 
Thermatite  treated  to  with* 
stand  extreme  temperatures 
and  humidity — arid  or  moist 
heat  —  dry  or  damp  cold  do 
not  hamper  their  efficiency. 
Thermatite  is  the  name  of  a 
process  of  accurate  heat  con¬ 
trolled  vacuum  impregnation 
developed  and  improved  over 
a  period  of  ten  years. 

Thermador  also  manufactures  built-in  Eltrin 
Heaters.  Electric  Ranges,  Electric  Water  Heattn 


THERMADOR 

Electrical  Manufacturlns  Co. 
Silt  S.  livcrtldc,  let  Acscivi 
dkand 


’A 
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Type  C-28SI 
Series,  Used  as 
Roughing 
Controls  on  Outer 
Crystal  Ovens 


Sensitive  as j  dog's  ear 


Type  B~3120- 
Crystal  Detc  Point 
Control 


Type  RT  Adjust 
able  Crystal  Temp. 
Oven  Control 


Type  C-6363 
Sicitch  Circuit 
Breaker 


1 

s 

- 

Type  PM 
(ISAF.1131) 
Circuit  Breaker 


Type  ER  Series 
Ambient  Compen 
sated  Time 
Delayed  Relays 


Type  C-4351  ' ' 

Series  Used  for 
Tube  Warming 
Tube  Cooling, 
and  High 
Limit  Controls 


KLIXON  SNAP- ACTING  CONTROLS  MEET  ALL  PERFORMANCE  REQUIREMENTS 


The  eiionnous  advantage  of  the  Klixon  Control  is  the  simple,  fool-proof  actuating  element 
. . .  the  Spencer  snap-acting  thermostatic  disc  which  alw  ays  makes  a  <|ui’ck.  «‘lean  break  or  a  sure^ 
solid  make  no  matter  h<>w’  often  it  operates.  And  because  the  Spencer  disc  is  snap-acting,  it 
is  not  affected  by  "slfock,  vibration,  motion  or  high  altitude  no  matter  in  what  posiiiAP^  it 
is  mounted.  In  addition.  Klixon  Controls  are  small,  compact  and  light  in  weight.  Regardless 
of  your  control  problems  such  as — motor  and  transformer,  overheat  protection,  or 
electrical  circuit  overload  protection,  or  temperature  controls  for  radio  equipment,  it  is 
probable  that  one  of  the  many  standard  types  of 
Klixon  Controls  will  meet  your  requirements.  ^ 


SPINCIR  THERMOSTAT  COMPANY,  AnUBORO,  MASS. 


DIT 


rV/-/«  EIttf* 
’0itr  Hiatm 
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SCR-299 


CINAUDAGRAPH 


SPEAKERS 


^^itiaudagraph  ^peakor«ii.  f 

391 1  S.  Michigan  Ave.,  Chicago 

f  /</  f//i4>aA'e/i  ^  ffar/^  ht  a//  //f4>  ?4/ 


0^ 


One  of  :h?  ^"sy’s  mo*t  valuable 
"weapons”  in  winning  this  modern 
war  is  the  SCR-299  high-powered 
mobile  radio  communications  unit  built 
by  the  Hallicruften  Company.  Equipped 
with  GTC  transformers,  this  scrsatilc 
L’nit  has  se  wed  its  indispensable  "first 
line"  s>  !..  re  the  fighting  is  thickest  in 
the  Aleutian Europe,  the  South  Pacific, 
in  China — vherever  the  Allies  are  on 
the  move. 


The  selection  of  General  Transformers 
to  form  a  part  of  this  indispensable  unit 
is  mute  proof  of  its  precision  fabrica¬ 
tion  and  never-failing,  dependable  serv¬ 
ice.  We  are  proud  to  enlist  our  entire 
manufacturing  facil-  j. 

ities.ourrnginecring 
ingenuity  and  as- 
sembly  lines  to 
our  Armed  Forces. 

You  are  assured  of 
these  same  services 
for  your  post-war 


GENERAL  TRANSFORMER  COMPANY 

1250  West  Van  Buren  Street 


Chicago  7,  Illinois 


ENGINEEBS 

WANTED 

ELECTRONIC  -  COMMERCIAL 

by  a 

Fast-Growing  Company 
Specializing  in  Electronics 


ELECTRONIC  ENGINEERS— High  calibre 
men  with  proven  technical  ability  and  a 
well-balanced  background  of  acoustics, 
broadcasting,  frequency  modulation  and 
ultra-high  frequencies.  Opportunities  exist 
in  the  research,  designing,  development 
and  manufacturing  of  electronic  products 
in  general,  particularly  cathode  ray,  trans¬ 
mitting  and  special-purpose  tubes;  com¬ 
munications,  electronic  and  precision  test 
equipment. 

Also  an  opportunity  for  a  physio-chemist, 
preferably  with  electro-chemical  experi¬ 
ence. 

Women  with  technical  knowledge  will  be 
considered. 

In  addition,  applications  are  invited  from 
technically  experienced  men  with  commer¬ 
cial  qualifications; 

COMMERCIAL  ENGINEERS— Several  ore 
required.  Should  have  a  sound  technical 
experience  in  any  one,  or  a  combination  of 
the  following  fields;  communications,  spe¬ 
cial  device  circuits,  quartz  crystal  and 
electronic  tube  applications;  quartz  crystal 
and  electronic  tube  manufacturing 
processes. 


Also  one  man  who  should  have  a  back¬ 
ground  as  metallurgist  or  physicist  and 
preferably  some  practical  experience  with 
x-ray  techniques. 

Duties  of  Commercial  Engineers  will  con¬ 
sist  largely  of  personal  contact  and  cor¬ 
respondence  with  engineering  personnel 
among  manufacturers  of  electrical  and 
communications  equipment,  also  with  Gov¬ 
ernment  engineers. 

Our  war  production  record  is  good,  with  o 
substantial  post-war  future.  We  have  o 
world-wide  background  of  electronic  re¬ 
search  and  development.  If  congenial  asso¬ 
ciation  with  a  young  and  progressive 
organization  fits  in  with  long  range  plans 
for  your  own  future  development  and 
prosperity,  let  us  hear  from  you.  Tell  us 
your  age  and  enough  about  your  technical 
education  and  training,  experience,  draft 
status,  availability  and  salary  require¬ 
ments  to  warrant  on  early  interview  in 
New  York  City,  Dobbs  Ferry  or  some 
mutually  convenient  point.  A  photograph 
will  be  appreciated.  Address  your  letter  in 
strict  confidence  to 


Office  of  tJie  President 

NOBTH  AMEBICAH  PBILIPS  COMPANY,  INC. 

DOBBS  FERRY.  WESTCHESTER  COUNTY.  N.  Y. 

•  •  • 

W  you  are  now  working  in  an  essential  industry  at  your  highest  skill,  please  do  not  apply. 
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semble,  the  complete  rotating  unit 
may  be  pulled  out  of  the  stator 
merely  by  removing  an  end  shield,  j 
Motor  Div.,  General  Electric  Co, 
Schenectady,  N.  Y. 


EDITORIAL 

REPRINTS 


Literature. 


NEW  WORLD  OF  ELECTRONICS. 


Reports  of 

this  symposium  irom  the  March  1943  issue  contain 
articles  on  the  application  oi  electronics  to  telephone, 
telegraph,  radio  and  military  communications;  applica¬ 
tions  oi  electronics  to  welding  control,  induction  heating, 
facsimile  and  photograph  transmission,  television,  motor 
controL  geophysical  prospecting,  industrial  control 
problems,  research,  medicine  etc.,  etc. 

This  100-page  book  is  useful  for  executives  and  engi¬ 
neers  wishing  to  know  what  electronics  offers  American 
industry  in  speeding  up  war  production  and  os  a 
profitable  post-war  business.  Each  article  is  by  on 
expert. 

Prices,  1  to  50  copies,  $1.00  each;  SO  to  100  copies,  85 
cents  each;  100  copies  and  more,  75  cents  each. 


Fiberglas.  The  development,  prop-| 


erties,  manufacture  and  the  uses  of 
Fiberglas  are  presented  in  an  ig. 
page  booklet.  Fiberglas  can  be 
fabricated  into  resilient  batts  or 
rigid,  sawable  boards,  can  be  woven 
on  a  loom  like  cotton,  and  is  used  as 
insulation  in  boats,  portable  shel¬ 
ters,  industrial  pipes,  war  plants 
and  planes.  This  booklet  is  avail¬ 
able  from  Owens-Corning  Fiberglas 
Corp.,  Toledo,  Ohio. 


Sound  Equipment.  Audio  amplifiers, 
industrial  broadcasting  equipment, 
intercommunicators,  loudspeakers, 
microphones,  mobile  systems,  phons 
PA  systems,  public  address  systems, 
recording  equipment,  record  players 
(portable)  and  other  sound  acces¬ 
sories  and  systems  are  described  in 
Catalog  38,  available  from  Bel! 
Sound  Systems,  Inc.,  1183  Essex 
Avenue,  Columbus,  Ohio. 


VHF  TECHNIQUES 


This  is  popular  64-page  book 
on  the  new  science  of  ultrohigh  frequencies.  Widely 
used  by  Signal  Corps,  U.  S.  Air  Corps,  U.  S.  Nervy  and 
pre-service  schools.  Individual  articles  ore  "Electrical 
Concepts  at  Extremely  High  Frequencies,"  "Radiating 
Systems  and  Wave  Propagation,"  "Generators  for  U-H-F 
Waves,"  "U-H-F  Reception  and  Receivers,"  "Wide  Bond 
Amplifiers  and  Frequency  Multiplication,"  "Measure¬ 
ments  in  the  U-H-F  Spectrum,"  "Applications  of  Cathode- 
Ray  Tubes,"  "Wove  Form  Circuits  for  Cathode-Ray 
Tubes,"  "Physical  Behavior  of  Wove  Guides." 


Erie  Data  Sheets.  Data  sheets  for 
Erie’s  loose-leaf  resistor  catalog  an 
available.  These  data  sheets  cover 
Hi-K  ceramicons  and  disc  cerami- 
cons  (fixed  ceramic  condensers)  and 
mica  button  condensers  for  use  ii 
v-h-f  and  u-h-f  electronic  equip¬ 
ment.  These  data  sheets  are  avail 
able  from  Erie  Resistor  Corp.,  6D 
E.  Twelfth  St.,  Erie,  Pa. 


'Hais  is  a  new  reprinting:  further  printings  ore  de¬ 
pendent  upon  paper  supplies.  Price  50  cents  each  for 
single  copies  or  35  cents  each  for  26  or  more. 


CLASSIFICATION  OF  ELECTBON  TUBES  ...  A 

two  color  chart  illustrating  the  classification  and  rela¬ 
tionship  of  all  conunerciol  types  of  electron  tubes, 
together  with  a  pictorial  chart  showing  the  chrono¬ 
logical  development  of  vorioais  members  of  the  family 
of  electron  tubes.  From  the  July  1943  issue.  Price  25 
cents  each  for  single  copies  or  20  cents  each  for  25  or 
more. 


AN  Connector  Charts.  Two  wal 
charts  for  the  instruction,  assem 
bly,  ordering,  servicing  or  repair  o' 
Type  AN  Connectors  are  availall- 
from  Cannon  Electric  Developme^l 
Co.,  3209  Humboldt  St.,  Los  Angel-: 
31,  Calif.  Chart  No.  1  shows  inseti 
arrangements,  with  shell  size  totrl 
contacts,  wire  sizes  and  other  dat? 
Standard  AN  types,  parts  and  inter 
changeable  features  are  also  show? 
together  with  an  explanation  of  tfj 
components  of  a  complete  AN  idee 
tification  number.  Chart  No.  2  cos 
tains  the  complete  AN  identificatia 
number  of  each  of  the  four  typead 
AN  connectors  with  the  insert 
shown  in  Chart  No.  1. 


ELECTRONICS  EDITORIAL  DEPARTMENT 
330  West  42  St.,  New  York,  N.  Y. 


Please  send  me 


. copies  New  World  oi  Electronics 

.  copies  UHF  Techniques 

.  copies  Electron  Tubes  chart 

(this  sares  time  and  accounting) 


I  enclose  $ 


Name 
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The  Powers  Electronic  staff  is  proud  of  its  contribu¬ 
tion  to  the  development  of  the  Electronic  Megaphone 
and  of  its  other  communications  systems  which  are 
serving  our  fighting  men. 

"Back  the  Attack” 


POWERS  ELECTRONIC  &  COMMUNICATION  CO. 

;GLEN  cove'  new  YORK 


^ 


GLENN-ROBERTS  COMPANY 

1009  FRUITVALE  AVENUE  2107  ADAMS  STREET 

OAKLAND,  CALIFORNIA  INDIANAPOLIS,  INDIANA 


QUALITY  SINCE  1920 

$cnrmcl  RADIO 


Flexible  Rubber.  JSilentbloc  is  « 
union  of  concentric  metal  cylinciera 
joined  by  a  layer  of  rubber  under 
pressure  for  the  purpose  of  mount¬ 
ing,  coupling  or  isolating  machinery 
or  equipment  in  motion.  The  booklet 
contains  a  chart  giving  the  natural 
frequencies  of  vibration  and  one 
giving  the  deflection  rates.  The 
typical  applications  and  character¬ 
istic  advantages  of  Silentbloc  are 
also  given.  Booklet  available  from 
The  General  Tire  &  Rubber  Co., 
Mechanical  Goods  Div.,  Wabash. 
Ind. 


CAPACITORS 


GLENN-ROBERTS 


1^  Long  manufactured  as 
^  component  parts  of  fam- 

M  ous  G-R  Welders,  Glenn- 

j  Roberts  Capacitors  and 

^  electronic  components  pro- 

||  vide  important  features 

resulting  from  seventeen 
years  experience  in  this  specialized  type  of  engineering. 
Glenn-Roberts  Capacitors  are  sold  with  complete  data  on 
relative  electrical  characteristics.  This  permits  selection  of 
the  proper  unit  for  the  most  exacting  requirements  without 
costly  trial  and  error.  Inquiries  are  invited. 


Pressed  Steatite.  Crolite  Pressed 
Steatite  catalog  contains  a  detailed 
listing  of  standard  pressed  steatite 
parts  for  which  tools  are  available. 
The  listings  are  in  the  form  of  de¬ 
tailed  and  dimensional  drawings  of 
bushings,  trimmer-capacitor  bodies, 
terminal  strips,  tube  sockets,  tube 
parts,  coil  bases,  variable  capacitor 
end  pieces,  oscillating  crystal  cases, 
'tc.,  with  corresponding  numbers.  A 
copy  of  this  catalog  may  be  obtained 
from  Henry  L.  Crowley  &  Co.,  1 
Central  Ave.,  W.  Orange.  N.  J.;  use 
business  letterhead. 


Insulating  Materials.  A  60-page 
catalog  covering  G.  E.  insulating 
materials,  lists  and  describes  var¬ 
nished  cloths,  varnishes,  Glyptals. 
tapes,  cords,  cotton  sleeving,  var¬ 
nished  tubings,  mica,  wedges,  sol¬ 
dering  materials,  cements,  com¬ 
pounds  and  many  other  items. 
Copies  are  available  from  Editorial 
Service,  General  Electric  Co.. 
Bridgeport;  Conn. 


Cathode-ray  Bibliography.  The 
March- April-May-J une  1943  issue 
of  the  OsciUographer  contains  an 
up-to-date  bibliography  on  cathode- 
ray  subjects,  including:  lumines¬ 
cent  screens,  photography,  oscillo¬ 
graph  amplifiers,  time-base  circuits, 
power  supply  and  several  cathode- 
ray  applications.  Copies  of  the 
OsciUographer  available  from  Allen 
B.  DuMont  Labs.,  Passaic,  N.  J. 


When  the  "cease  firing"  order  it  fiashed  to  our  fighting 
men,  we'll  get  to  know  in  detail  the  vital  port  that  radio 
ployed  in  winning  the  Victory.  Then,  the  some  dependoble 
performance  given  on  the  battlefield  by  Sentinel -built 
equipment  will  reflected  in.  new  peoce- 
time  models . . .  models  which  will  flow  from 
Sentinel's  factory  lines,  now  fully  utilized 
for  war  production.  Then  Sentinel  dealers 
once  again  will  be  able  to  supply  outstand- 
ing  values  in  the  radio  and  electronic  field 
— battle-tested  equipment  in  modem-as- 
tomorrow  designs  that  will  please  and  sell. 


Engineering  Data.  Catalog  D043 
contains  information  on  Dilecto,  a 
laminated  phenolic  plastic.  This 
catalog  explains  the  properties, 
manufacture  and  uses  of  Dilecto 
Catalog  D043  available  from  Conti 
nental-Diamond  Fibre  Co.,  Newark. 
Del. 
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SICS 


in  either  Locke  wet  process  porcelain 


Grade  L-2*  or  Lockefite — Grade  L-4*. 


CTRONICS 
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Literally  millions  of  Locke  radio  insulators  are  in 
active  service  with  the  armed  forces.  If  you  need  approved 
units  for  the  equipment  you  are  making,  and  need  them 
quickly,  let  us  know.  They  may  even  be  available 
from  stock. 

Our  Radio  Insulator  Catalog  is  now  being  reprinted.  If 
you  do  not  have  a  copy  we  will  be  glad  to  send  you  one. 

*ASA  American  War  Standard*  C7S,  1.1943  on  Ceramic  Radio  Insnlating  MateriaUrClax  L. 


ADIO  INSULATORS 

INSULATOR  CORPORATION.  BALTIMORE.  MD. 


I 


FOR  Your  APPLICATION 


Typ«  IIX  Receiver  aiijU^L-lOX  Transmit¬ 
ter  tor  Mobile  TMicatiom. 


Complete  22  Watt  High  Frequency 
Mobile  Installation 


it  Complete  50  Watt  Central  Station  Installation,  it 


S-9X.  30-40  MC  Mobile  Receiver 
with  Dust  Cover  Removed. 


22X,  30-40  MC  Mobile  Transmitter 
with  Oust  Cover  Removed. 


PARTIAL  LIST  OF  TYPICAL  PRODUCTION  MODELS 


SERIES  17  10  Watt  Multi-Channel  Tpapsmitter,  Receiver  and  Power  Supply  in  SH”  x  15*  x  11"  Cabinet. 

6  and  12  Voit  DC  and  117  Vdit  AC  Modeis  avaiiabie. 

SERIES  26  20  Watt  Muiti-Channei  Transmitter  and  Receiver  avaiiabie  for  operation  from  6,  12,  32 

and  110  Voits  d6  OP  117  Voi^AC.  V  '  >• 

SERIES  56  EO  Watt  Multi-Channel  Transmitter  and  Receiver  available  for  operat’on  from  12,  32  and 

110  Volts  DC  or  117  Volts  AC.  * 

SERIES  6  Includes  Tunable  and  Multi-Channel  Fixed  Tuned  Receivers  for  Mobile,  Marine  or  Central 

*'  Station  application.  ^ 

Single  Frequency  Crystal  Controlled  Station  Receiver  for  frequency  ranges  up  to  8,003  KC. 
Crystal  Controlled  Mobile  Receiver,  for  frequency  ranges  up  to  8.COO  KC.  ->  v 

P  •  *  * 

Instant  Heating  10  Watt  Mobile  Transmitter,  for  frequency  ranges  up  t*  8  003  KC. 
Instant  Heating  22  Watt  Mobile  Transmitter  for  frequency  ranges*^  up  to  8,000  KC. 
Instant -Heating  22  Watt  Mobile  Transmitter,  range  30-40  MC. 

Crystal  Contr^iled  Mobile  Receiver,  range  30-40  MC.  '"■:*%  ' 

Crystal  Continued  Station  Receiver,  range  30-40  MC.  '* 

WRITE  FOR  QUOTATION  ON  STANDAKD  OR  SPECI4L  EQUIPMENT  YOU  REQUIRE! 


TYPE  llA 
TYPE  IIX 
TYPE  PTL-10X 
TYPE  PTL-22X 
TYPE  PTS-22X 
TYPE  PR.9X 
TYPE  PRS-9A 


KAAR  ENGINEERING  CO 

PALO  ALTO.  CALIFORNIA 


MoMfoefarprs  of  High  Grade  Mobile  and  Central  Station  Radiotelephone  Equipment 
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IN  QUARTZ 


O-UCUitM 


*ND  LOTS  OF  IT 

A 


Transformers 
for  Combat 


In  Active  Service 
Over  the  Entire  Globe 


DINION  COIL  COMPANY 


CALEDONIA,  N.  Y. 


Pr*ciM«ii  NMM*,  wtiHsint  airtoiiMtlc, 
•l•<tr•■lic  tasHiif  aadi  cMitr*l,  Hmm 
Fowf  li  IHtl*  DX  Xt«la  cm  taka  tlia  Itard 
knocks  at  —90*  or  130*  f.  Aai|»lo  pro- 
docHon  fcKilitios  now  ovoiloklo  for 
lorfo  lots  or  individual  crystal  ordors. 

■UY  AN  IXTRA  lOND,  TOOAYI 


DX  CRrSTAL  CO. 

GENERAL  OFFICES:  1841  W  CARROLL  AVE.,  CHICAGO,  ILL.,  U.S.A  Q^SOSSEhoSI  I 


R-F  Gun 

{Continued  from  page  111) 

heating  is  by  the  use  of  a  relatively 
high  frequency.  Experience  indic.^tes 
that  something  of  the  order  of  200 
Me  must  be  used. 

Control  of  Tinio  Cyelo 

Accurate  control  of  the  heatini 
cycle  is  a  necessity.  This  is  particu¬ 
larly  true  where  it  is  desired  simply 
to  tack  the  veneers  rather  than  to  set 
the  spots  completely.  For  this  reason 
a  means  of  automatic  timing  seemed 
desirable.  The  circuit  incorporate 
for  this  purpose  is  arranged  so  that 
the  trigger  on  the  gun  serves  to  start 
the  heating  cycle,  with  the  length  of 
the  cycle  being  detemtined  by  an  ad¬ 
justable  timing  device.  The  heating 
period  is  variable  from  a  fraction  of 
a  second  to  ten  seconds  by  means  of 
a  control  on  the  back  of  the  chassis. 
There  is  also  a  control  cut-out  switch 
so  that  the  cycle  can  be  manually 
controlled  if  desired.  In  this  case 
pressing  the  trigger  starts  the  cycle, 
and  releasing  the  trigger  stops  it. 
A  signal  light  indicates  when  power 
is  on,  but  in  practice  it  has  been 
found  that  listening  for  the  click  of 
the  relay  is  more  convenient  than 
watching  the  light. 

In  production  operations  where  the 
device  vdll  be  used  by  inexperienced 
labor  it  is  assumed  that  it  will  be  set 
up  and  adjusted  beforehand  for  the 
particular  operation.  Thus  all  the 
operator  need  do  is  hold  it  firmly 
against  the  selected  spot,  press  the 
trigger,  listen  for  the  click,  and  then 
go  on  to  the  next  point. 

,  REFERENCES 

(1)  I'erry,  Thomas  D.,  Flexible  Pressurr 
In  Veneer  and  Plywood  Work.  Meehaniral 
EnfHneering,  June  1943. 

(2)  Hoyjer,  Cyril  N.,  .An  Electronic  Sewln* 
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(3)  Taylor,  John  P.,  Heating  W'ood  wltb 
Radio-Frequency  Power.  Trawa.  A8UE,  April 
1043. 

(4)  Taylor.  John  P..  Hadlo-Frequenc.> 
Heating  Speeds  Plastic  Molding  Operations. 
Ei.kctbonics,  Sept.  1943. 

(5)  Miller.  B.  Eugene.  The  Vidal  Process 
for  Molded  Structures,  AiAetion,  Oct.  1942. 

(6)  Fairchild,  S.  M.,  Details  of  DuramoM 
Fabrication.  Aero  Digest.  Feb.  1943. 


MOLYBDENUM  sheet  anodes  have 
been  replaced  by  zirconium-treated 
graphite  anodes  in  tubes  made  for 
the  Signal  Corps  by  United  Elec¬ 
tronics  Co.,  with  a  saving  of  over  a 
ton  of  scarce,  pure  molybdenum 
rolled  sheet  on  one  contract  alone. 
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CONTINENTAL  DIAMOND  product 
5  in  there  slagging! 


C-D  makes  hundreds  of  electrical  and  mechanical  parts 
which  are  vital  to  the  successful  operation  of  radios,  guns, 
controls,  communication  systems,  and  all  electrically  ener* 
gized  units  in  our  fighting  equipment  afloat,  ashore  and 
aloft. 

Many  of  these  applications  posed  new  problems  and 
conditions  for  NON-metallics.  The  research  and  experience 
which  resulted  has  provided  our  laboratory  with  a  wealth 
of  "know  how”  which  is  at  your  disposal  to  help  solve  your 
"What  Material?”  problems. 

C-DprodwclB  include  THE  PLASTICS. ..  DILECTO— a  lominotMi  phenolic:  CEIORON 
molded  phenolic:  DILECTENE— a  pure  resin  pleilic  especially  suited  to  U-H-F 
insulation  .  .  .  THE  NON-METALLICS,  DIAMOND  Vulceniied  Fibre:  VULCOID  — 
resin  impregnated  vulceniied  llbre:  and  MICAkOND— built-up  mica  insulation. 
Felder  OF  describes  all  these  products  and  gives  standard  siies  and  specificatiens. 

DISTRICT  OFFICES:  New  York  -  Cleveland  -  Chicago  •  Spartanburg,  S.  C. 
WestCoostRep.,Marwood,  Ltd.,  Son  Francisco  -  Sales  Offices  in  prirKipal  cities 


BRE  COMPANY 


L  Established  1895  .  .  Manufacturers  of  Laminated  Plastics  since  1911  —  .NFW.AllK  •  nEL.AWAHE 
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Cathode 

Follower 

(Continued  from  page  117) 

this  expression,  then  difTerentiatinj 
P  with  respect  to  Rt  and  equating  t* 
zero,  in  the  well  known  procedure  t( 
determine  maxima  and  minima.  Th( 
value  will  be  found  to  be 


If  Rl  is  given,  that  is,  cannot  b« 
chosen,  no  attempt  must  be  made  to 
satisfy  Eq.  (14)  by  giving  R  a  value 
such  that  Eq.  (14)  will  be  satisfied 
A  little  thought  will  show  that  Ji 
should  always  be  as  large’  as  possible; 
for  R  approaching  infinity,  Rl  wil 

•  ft 

approach  the  value^*^,.  Since  the 
plate  current  flows  thrqugh  R,  how 
ever,  large' yalue^^oultf  malcJ’a  higl 
voltage  d^su^i^l;  necessaix^ 
Duetto  the*  li^^ced  condition  ae 
far  as  J>late  supply  is  concerned  these 
circuits  seem  to  show  the  way  to  the 
soliidqn  of  the  d-c  ampllfier'problem, 
as  shown  in  Goldbergii  paper.  It  is 
hoped  that  this  discii^isron^ill  help 


Directory  advertising  helps  win  the 
wdV.^'bf  business.  MacRae’s  Blue 
Book  reaches  the  "blue  chip”  buyers 
throughout  industrial  America.  For 
advertising  rates  write 


CfORYiOFrAlltRICAN  INDUSTRY 
E.^IUrR0N  STREET  •  CHICAGO 
officesMn  principal  cities 


workers  in  this  field  to’lfeome  a  litil' 
mdre*  f^fliar  with  the^aracteris 
tics  of  them. 
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A  henyy  Copper  Bus-Bar  for  panel  board 
and_termirial  assemblies  is  illustrated,  ac- 
caiatfly  duplicated  in  two  planes  with 
Jm^sfonri^  both  flat  and  edgewise,  across 
tlie  inarena!‘1it5lizontally  and  vertically. 

Etf:'A^RO  j49.''~-^2  has  a  forming 

racP,^lip',tp<i^' ^^;j3^fity  of  cold 

rotted  -solid  4^1J^  or  eguivaletit. 


Many  electrical  and  other 
parts  can  be  duplicated 
without  dies,  saving  Man 
Hours  and  Critical  Materi¬ 
als  and  helping  to  meet  rush 
delivery  schedules.  DI- 
ACRO  Precision  Machines 

—  Shears,  Brakes,  Benders 

—  form  angle,  channel,  rod, 
tube,  wire,  moulding,  strip 
stock;  bi-metals,  dielectrics, 
sensitized  materials',  fiber 
slot  insulation,  frequency 
reeds,  ets. 


Send  far  Cgf  log 
**IIIITAL  mmlLICATING 
WITHOUT  DIES” 


"TELEVISION  must  be  intimatr 
.  .  .  What  the  viewer  sees  on  tb- 
screen  must  be  ih  harmony  with  th^ 
informality  in  which  he  is  clothed  ir 
body>  in  mind  and  the  intimacy  of  hi 
home  surroundings.” — Samuel  H 
Cuff,  program  director  of  DuMoni 
television  station. W2XWV. 


showing  all  models  of  DI-.\CRO 
Benders,  Shears  and  Br;  ;;es, 
and  many  cxa-mplos  of  parts 
formed  .by 

“DIE-Lcss  duplic.\t;nc:\ 


Nani 

CENE 
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RADIO  CITY  PRODUCTS  COMPANY,  INC. 


Manufacturers  of  precision  electronic  limit  bridges  — vacuum  tube  voltmeters  — volt-ohm.milliammeters  — signal 

generators  — ANALYZER  UNITS  — TUBE  TESTERS  —  MULTI-TESTERS  —  OSCILLOSCOPES  —  AND  SPECIAL  INSTRUMENTS  BUILT  TO  SPECIFICATIONS 


127  WEST  26th  STREET 


NEW  YORK  CITY 
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AN  OPPORTUNITY  TO  SAVE  16%  ON  THE  PRICE  OF  THIS  FINE 


LTRA-SENSITIVE  MULTITESTER  -  RCP  Model  488 

•  Economies  effected  because  of  iiiiiisiiully  large  production  runs  have  made  it 

possible  for  us  to  reduce  the  price  of  our  Model  No.  488.  This  instrument  which 
formerly  sold  at  $71.50  is  now  only  $59.50. 


.11.3 


Model  488  has  Dual  D.C.  Sensitivity;  20,000  and  1,000  Ohms  per  volt  .  .  .  with 
measurements  for  A.C.  Amperes.  It  was  built  to  satisfy  the  exacting  demands 
of  the  Signal  Corps— sturdy,  durable  and  complete  with  handsome  oak  carrying 
case— ideal  for  held  and  shop  testing  of  military  and  naval  electronic  equipment. 
At  this  new'  low  price  Model  488  demands  your  attention. 


Check  These  Features 

Dual  D.C.  sensitivity  of  20, (KM)  ohms  per  voll  and  l.(KK) 
ohms  per  volt. 

A.C.  sensitivity  of  1,000  ohms  per  volt. 

Wide-scale  -VA"  meter  with  movement  of  50  micro¬ 


amperes. 

Readings  as  low  as  1  microam}>ere. 

All  multipliers  matched  and  1%  accurate. 

Exceptionally  fine  ohmmeter  scale  spread  75  to  1  ratio 
from  center  to  full  scale. 

Readings  as  low  as  0.25  ohms. 

Heavy  duty  high  voltage  test  leads  included. 

Instantly  replaceable  meter  rectifier— no  soldering  or  un- 


D.C.  Voltmeter  .  .  0-3-12-60-300-600-1,200-6,000  volts. 
A.C.  Voltmeter  .  .  0-3- 12-60-300-f)00-l, 200 -6.000  volts. 
Output  Voltmeter  .  0-3-12-(>0-300-600-l, 200-6,000  volts. 
D.C.  Microammeter  0-f>0-3(K)  Microamperes. 

D.C.  Milliammeter  0-3-20-120-600  milliamperes. 

D.C.  Ammeter  .  .  .  0-12  am|>eres. 

A.C.  Ammeter  .  .  .  0-3-6-12  am{)eres. 

Ohmmeter .  0-3,000-300,000  -30,000,000  ohms. 


soldering  of  connections. 

Batteries  are  readily  accessible  .  .  .  can  be  replaced 
merely  by  releasing  spring  clamp.  No  soldered  terminal 
connections  to  batteries. 
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SUN  BADIO 


OFFERS 


FROM  AN 


HjjHS 


^  STOCK 

RADIO°  PARTS 
RADIO  TUBES 

and 

INDUSTRIAL 

ELECTRONIC 

EQUIPMENT 

You'll  bo  omcaod  at  tho  qroot  amount  oi 
radio-oloctronic  motorkila  wo  now  haTO  in 
■lock  and  tho  procision  oiiicioncy  with 
which  wo  oxpodito  priority  roquiromonts. 
No  mattor  whothor  your  ordor  is  lorqo  or 
small  it  rocoivos  our  immodioto,  oxport 
ottontion.  Just  writs,  wiro  or  phono  us 
and  soo  for  yoursoli. 


SEND  FOR  THIS 

FREE 

CATALOG! 

in  radio  and  oloctronics 
at  your  finqor  dps!  This  hond- 
Mmoly  bound.  SOO  paqo  cotoloq 
usdnq  countloss  thousands  of 
standard  radio-oloctronic  motoriols 
is  yours  simply  for  tho  oskinq  if 
you  oro  ocdooly  onqaqod  in  tho 
•ffort  doiiiQ  purchcnina 
P^dnq  or  onVoorin^T^WriU 
Yoiw  company  loHoriioad 
stotinq  your  dUo.  Addroos  Box  EN. 


FOR  PROMPT 


T*l.  RArclay  7-1840 


New  York's  Oldest  and  Most  Complete 
Radio-Electronic  Supply  House 

SUN  BADIO 

&  ELECTRONICS  CO. 

212  Fdlton  Street,  New  York  7.  N.  Y. 

Back  the  Attack!  Buy  Bonds — Now! 


B-H  Curve  Tracer. 


integrator  stage  of  the  equipment. 

A  smaller  amount  of  phase  shift  is 
produced  in  the  horizontal  channel. 
The  output  voltage  from  the  shunt 
is  almost  exactly  a  sine  wave,  and 
phase  shift  leads  to  a  displacement 
of  the  horizontal  time  base  on  the 
screen,  pulling  the  two  steep  por¬ 
tions  of  the  hysteresis  loop  apart,  so 
that  the  loss  area  appears  larger. 
Equalization  could  be  obtained  by  the 
same  method  as  in  the  vertical  ampli¬ 
fier,  but  the  low  harmonic  content 
in  this  channel  permits  the  use  of  a 
simpler  network,  as  shown  in  Fig.  5b. 
Compensation  with  this  network  is 
possible  only  for  one  frequency.  If 
the  60-cycle  source  contains  strong 
harmonics,  the  type  of  equalizer 
shown  in  Fig.  5a  should  be  used  in 
both  channels. 

Adjustment  of  the  equalizers  is 
most  easily  accomplished  by  means 
of  samples,  using  some  characteris¬ 
tics  inherent  in  B-H  curves. 

In  Fig.  6,  a  normal  hysteresis  loop 
of  ordinary  transformer  steel  is 
shown  (a),  together  with  distorted 
forms  resulting  from  incorrect  verti¬ 
cal  phase  adjustment  (b  and  c). 
When  the  equipment  is  first  put  into 
operation,  curves  resembling  one  of 
these  distorted  patterns  are  usually 
observed.  By  varying  the  input  volt¬ 
age  to  the  power  transformer,  no 
change  should  appear  in  the  correct 
curve  (a),  except  that  the  saturated 
portions  (s)  stretch  out  when  the  cur¬ 
rent  is  increased.  Incorrect  vertical 
phasing  spreads  these  portions  and 
makes  them  appear  like  (b)  or  (c). 
By  adjusting  the  vertical  equalizer, 
a  trace  similar  to  Fig.  6a  can  be 
obtained.  With  a  loop  containing 
long  saturated  portions  (s),  vertical 
adjustment  can  thus  easily  be  made 
of  extreme  accuracy. 


(Continued  from  pane  i.jl 


If  the  current  is  now  varied,  tH 
horizontal  distance  between  the  t\R 
steep  portions,  corresponding  to  tM 
coercive  force,  should  not  vary  aftR 
saturation  has  been  reached.  Vari* 
tions,  if  they  occur,  are  due  to  incoR 
rect  horizontal  compensation.  ■ 

To  obtain  accurate  horizontal  aR 
justment,  a  2-inch  diameter  aiR 
wound  coil  of  about  ten  turns  is  subi 
stituted  for  the  little  loop,  connecteR 
to  the  vertical  amplifier,  and  coupleR 
inductively  with  the  high-currenR 
circuit.  Care  should  be  taken  thaB 
no  iron  is  present  anywhere  near  thiH 
coil.  Since  the  permeability  of  air  iH 
constant,  independent  of  field  intensB 
ity,  a  straight  line  appears  on  thR 
screen  (Fig.  6d) ;  its  slope  dependR 
on  the  voltage  induced  in  the  coilR 
Usually,  a  narrow  ellipse  (Fig.  6e  H 
is  obtained  at  first,  rather  than  ; 
single  straight  line.  If  the  horizon 
tal  phase  adjustment  is  now  varie 
until  the  ellipse  is  reduced  to  a  line, 
phasing  is  accurate  and  complete. 

Practical  Dato 

For  a  great  number  of  applica¬ 
tions,  comparison  of  the  character¬ 
istics  of  different  materials  is  of  pri¬ 
mary  interest.  In  these  cases  no 
absolute  calibration  of  the  equip 
ment  is  necessary. 

As  long  as  washers  made  from  dif¬ 
ferent  materials  have  identical  di¬ 
mensions,  the  curves  on  the  screen 
permit  numerical  comparison.  Dif¬ 
ferences  in  thickness  can  be  compen¬ 
sated  by  using  a  correspondingly 
larger  number  of  turns  for  the  little 
coupling  loop  on  thinner  pieces.  For 
many  materials  only  one  turn  is 
needed,  and  in  this  case,  if  thick¬ 
nesses  are  different,  the  vertical 
deflection  is  proportional  to  the 


4,000 


1,300 


FIG.  5 — Equalizing  networks  used  to  correct  phase  shiit 
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of  Radio  and  Electronics.  We  firmly  believe  that  into 
their  peacetime  jobs  these  same  men  will  carry  the 
highest  regard  for  everything  that  bears  the  name 
"Rola”,  a  regard  born  of  the  first-hand  knowledge 
tha;  a  Rola  product .  .  .  whatever  it  may  be  ...  is  a 
%&^^oduct. 

we  can  think  of  no  way  to  make  more  cer¬ 
tain  "they  won’t  forget  Rola”,  than  to  continue  to 
provide  the  very  best  equipment  it  is  possible  to 
makfe  the  rola  COMPANY,  Inc.,  2530  Superior 
Av^ne,  Cleveland  14,  Ohio. 


Right  now  manufacturers  of  war  materials  can 
^  be  making  friends  for  tomorrow’s  products, 
products  that  do  not  yet  exist  .  .  .  that  may  not  even 
have  reached  the  blueprint  stage.  For  if  what  a  Com¬ 
pany  makes  for.  War  gives  good  account  of  itself, 
isn’t  there  likely  to  be  a  greater  confidence^in  the 
Company’s  peacetime  products? 

TakeRola  for  example.  In  leading  f  through¬ 

out  the  country  skilled  mechanics  are  buildin^thou^ 
sands  of  communications  systems  for  the  Army-Navy 
Air  Forces . . .  using  various  important  ^ixt%  made  by 
Rola.  In  countless  places  all  over  the  wiorld  techni¬ 
cally  trained  military  personnel  are  iQsj^ling  and 
maintaining  these  systems,  again  with  Rolagl^pment. 

When  their  wartime  job  is  done,  most  jof  these  men 
will  continue  in  their  chosen  field  and  will^pccupy 
positions  of  importance  and  influence  in  ^J^rahehes 


aracter- 


NewM  plications  constantly  are  being  found  for  Rola’s  diver- 
s^ed^quipment  and  broad  manufacturing  experience.  If 
your  'production  problems  involve  anything  related  to  our 
e  you  should  see  what  Rola  has  to  ojffer. 


MAKERS  OF  THE  FINEST  IN  SOUND  REPRODUCING  AND  ELECTRONIC  EQUIPMENT 
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To  be  sure  for  years  ahead 
—be  sure  to  specify  Win- 
charger  Antenna  Towers. 


andSe^ml 

You  can  count  on 
Wincharger  Anten-  > 
na  Towers.  They 
combine  strong  effi- 
-  cient  coverage  with  ' 
built  to  last  quali-  | 
ties  that  insure  you  ^ 
years  of  service. 

Add  to  these  ad¬ 
vantages  their  strik¬ 
ingly  attractive  ap¬ 
pearance  plus  a  sen¬ 
sationally  low  initial 
.  cost  and  it's  easy  to 
see  why  an  ever  in-, 
creasing  number  of 
Wincharger  Anten¬ 
na  Towers  are  being, 
used  for: 

Commercial  Broadcasting 
Police  \Nerk 

Signal  Corps  Air  Lines 


thickness.  The  gain  control  on  the 
scope  can  be  uAd  to  equalize  the 
calibration. 

Eddy  currents  flowing  in  the  sam¬ 
ple  tend  to  make  the  hysteresis  loop 
appear  wider,  leaving  the  level  of  the 
saturated  parts  and  the  slope  of  the 
ste^p  portions  unchanged,  but  in¬ 
creasing  the  total  area  enclosed  by 
the  loop.  With  eddy  current  losses 
present,  this  area  corresponds  to  the 
total  core  loss  at  60  cycles,  rather 
than  to  the  hysteresis  loss  only.  This 
is  a  valuable  feature  if  total  core  loss 
is  the  object  of  interest,  and  in  this 
case  the  sample  should  be  of  a  thick¬ 
ness  intended  for  actual  use.  If, 
however,  the  actual  hysteresis  loop 
and  the  real  value  of  coercive  force 
are  required,  samples  of  the  smallest 
thickness  available  should  be  used 
to  keep  eddy  current  losses  down  to 
a  minimum.  This  precaution  is  par¬ 
ticularly  important  with  high-per- 
meability  materials. 

The  average  diameter  of  the  sam¬ 
ple  washer  determines  the  field  in¬ 
tensity  H  produced  by  a  given  cur¬ 
rent.  Washers  of  different  average 
diameter,  therefore,  require  propor¬ 
tionately  different  currents  to  obtain 
the  same  H.  If  the  calibration  is 
to  be  maintained  for  a  larger  washer, 
less  hori:^ontal  gain  is  required.  The 
equipment  described  provides  enough 
current  for  saturating  alloys  even  if 
the  permeability  is  low,  provided 
that  small  diameters  are  used. 

For  quick  comparison,  a  number  of 
samples  can  be  slipped  over  the  sanie 
fine  wire  loop  and  inserted  one  after 
the  other  around  the  copper  bar. 

Htaf  Rnas 

The  holder  assembly  can  be 
mounted  on  a  heater  unit  for  meas¬ 


urements  at  elevated  temperatures. 
This  unit  consists  of  a  heavy  round 
iron  casting  with  a  heater  winding 
on  the  inside.  During  the  measure¬ 
ments  the  whole  assembly  is  pro. 
tected  by  a  heat-insulating  cover  not 
visible  in  the  picture. 

The  photographs  of  the  four 
hysteresis  loops  in  this  article  were 
taken  during  such  a  test,  using  a 
sample  of  low  permeability,  with  the 
temperature  rising  in  three  steps 
from  80  deg.  F  (largest  curve)  to 
200  deg.  F  (smallest  curve). 

To  obtain  permanent  records,  the 
curves  can  easily  be  photographed 
from  the  screen.  With  a  curve  of 
average  size  on  a  3-in.  tube  with 
green  fluorescence,  an  exposure  of 
1/50  second  on  high-speed  panchro¬ 
matic  film  with  an  f/4.5  lens  gives 
satisfactory  results.  The  screen 
should  be  illuminated  from  the  out¬ 
side  just  enough  to  make  the  mask 
with  the  calibration  lines  appear 
clearly  on  the  print. 

When  the  current  is  gradually  in¬ 
creased  from  zero  beyond  saturation, 
the  oscilloscope  shows  a  hysteresis 
loop  slowly  growing  out  of  a  single 
point  into  the  final  curve.  The 
changes  of  reversible  permeability, 
represented  by  the  average  slope  of 
the  trace,  from  its  low  initial  value 
to  its  larger  “operating”  value,  and 
its  final  drop  when  saturation  is 
approached,  become  clearly  visible 
and  measurable. 

Calibration 

While  the  simplest  way  of  calibrat¬ 
ing  the  equipment  consists  of  the  use 
of  samples  with  known  character¬ 
istics,  it  is  also  possible  to  apply 
voltages  of  known  magnitude  to  the 
vertical  and,  -horizontal '  inputs  and 


FIG.  6 — Currot  obtained  during  initial  adjustmente 
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WiNCHARGb  Vertical  Radiator 


Liu  obtain  an  absolute  calibration, 
flie  following  formulas  are  useful  in 
this  procedure;  they  are  accurate 
only  for  narrow  washers,  with  out¬ 
side  and  inside  diameters  not  too 
different,  because  of  the  error  intro¬ 
duced  by  the  assumption  that  the 
numerical  average  represents  the 
true  “magnetic  average”  diameter. 

The  following  symbols  are  used  in 
the  formulas : 

/  »  current  through  bar  in  amperes, 
rms. 

Ek.  B,  «  voltages  at  horisontal  and  vertical 
amplifier  inputs  in  millivolts,  rms. 
(A),  ('»*)  ~  ratings  of  shunt  in  amperes  and 
millivolts. 

D.,  Di  outside  and  inside  diameter  of 
sample  in  inches. 

T  ~  thickness  of  sample  in  inches. 

n  -■  number  of  turns  in  loop. 

H  »  maximum  field  intensity  in  sample 
in  oersteds. 

B  —.maximum  induction  in  sample  in 
gausses  (lines  per  cm*). 

The  current  through  the  bar  then 
becomes 


The  field  intensity  is 


D.  +  Di 

The  induced  flux  density  is 

(for  60  cycles) 


"  (Z).  -  D,).  Tn 

To  obtain  an  absolute  calibration, 
the  peak-to-peak  deflection  of  the 
oscilloscope  per  millivolt  is  first  es¬ 
tablished  for  both  channels.  The 
relation  between  millivolts  and  mag¬ 
netic  values  is  then  used  to  convert 
the  observed  deflections  into  peak 
values  of  H  and  B. 


sKU  nre 


KEEPING  FLYING  FORT 
RESSES  ON  THE  BEAM 


GIVES  YOU 


>HC  orM*«ii>to»  moAiiY  otsranto 

TO  IMtME  XMlMtlM  WrtCltMCt  AX  ML 
OPCRATINS  ALXITUOC*  <>•  TtMAMATUKS 


ActWs  bombsr  crows  depend  upon  the 
accuracy  of  the  automatic  radio  compass 
to  help  guide  them  safety  to  and  from 
their  obiectives.  The  pear-shaped  loop  in 
the  circle  pidcs  up  the  bearing  of  a  radio 
signal  which  is  transmitted  accurately  and 
ajtomoUcally  to  the  pilot  ond  navigotor 
by  means  of  the  compass 
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Tube  Design 


(Continued  from  page  139) 


derexposed  or  overexposed.  It  is  evi¬ 
dent  in  Fig.  3,  4,  and  6  that  wider 
latitude  in  the  thickness  and  mate¬ 
rials  of  the  specimen  may  be  obtained 
at  the  expense  of  contrast  in  the  film 
by  using  high  voltages,  since  at  short 
wavelengths  the  differences  in  the 
transmitted  intensities  of  the  radia¬ 
tion  produced  by  differential  absorp¬ 
tion  become  smaller.  In  addition, 
various  methods  to  obtain  wider  lati¬ 
tude,  involving  such  techniques  as 
the  use  of  special  filters,  or  using  a 
number  of  films  having  different  re¬ 
sponse  characteristics,  are  part  of 
the  tricks  of  the  accomplished  radio¬ 
grapher’s  trade. 

The  development  of  film  viewers 
with  greater  intensity  light  sources 
permits  the  ready  viewing  of  sec¬ 
tions  of  film  which  might  previously 
have  been  considered  overexposed. 

In  addition  to  the  factors  affecting 
contrast,  there  are  other  variables 
in  respect  to  the  quality  of  the  radio- 
graphic  results  which  a  skilled  in¬ 
dustrial  radiologist  must  consider. 
Since  all  materials  have  the  property 
of  scattering  x-rays,  it  is  necessary 
to  take  special  precautions  to  reduce 
this  effect  to  the  minimum.  Geomet¬ 
rical  factors  such  as  the  size  of  the 
focal  spot,  the  target  to  film,  and  the 
film  to  specimen  distances  have  quite 
an  influence  on  the  sharpness  of  the 
radiograph,  and  the  amount  of  dis¬ 
tortion  in  the  finished  radiograph. 

A  rather  useful  way  of  decreasing 
the  exposure  time  lies  in  the  use  of 
intensifying  screens.  Less  than  one 
percent*  of  the  x-radiation  which 
strikes  a  film  performs  useful  radio- 
graphic  work.  The  working  efficiency 
of  the  x-ray  beam  can  ,be  substan¬ 
tially  increased  by  mounting  the  un¬ 
exposed  film  between  layers  of  a  ma¬ 
terial  which  has  the  property  of  ab¬ 
sorbing  x-rays  and  transforming  the 
energy  into  longer  wavelength  radia¬ 
tion  in  the  ultraviolet  and  visible  re¬ 
gions  of  the  spectrum.  . 

The  intensification  factor  using 
calcium  tungstate  screens  is  high 
enough  to  permit  reductions  in  ex¬ 
posure  times  to  between  1/10  and 
1/100  of  those  required  without 
screens,  and  even  greater  reductions 
in  some  cases. 

Because  of  the  finite  size  of  the 
crystals  in  the  intensifying  screen, 
some  loss  of  definition  is  entailed 


•  Globar  Brand  Resistors,  built  to  spec 
iications,  tabulated  below,  will  reduce  you 
production  costs,  improve  the  perfi  mane 
of  your  circuits,  help  take  the  hen  lach< 
out  of  your  service  department  an 
strengthen  your  reputation  forq  lalit 
devices. 

A  resistor  is  essentially  an  energy  ' 'ssip 
tor  and  as  such  it  should  be  rugged  Sitx 
the  demands  of  electronic 
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circuits  ar( 

quantitatively  exacting,  a  resistor  shoulc 
be  electrically  and  mechanically  stable  s 
that  it  will  retain  indefinitely  its  estab 
lished  resistance  value  at  normal  l.  nding 
A  good  resistor  should  withstand,  withoir 
suffering  a  permanent  change  in  resistance 
the  maximum  accidental  over-voltage  tc 
which  it  might  be  subjected  in  service 
Moreover,  it  should  be  free  from  miao- 
phonic  effects,  inductance  and  capacity.  It 
should  have  a  comparatively  straight  line 
temperature  and  voltage  characteristic  and 
it  should  not  be  affected  by  humid  atnxx- 
pheres. 

Globar  Brand  Resistors  are  built  to 
meet  these  requirements. 

This  comptmy  was  one  of  the  first  manu 
facturers  of  electronic  resistors  and  today 
Globar  Brand  Resistors,  steadfast  against 
abuse,  are  serving  as  {X'ecision  weirs  in  the 
electron  arteries  and  capillaries  of  elec¬ 
tronic  circuits  throughout  the  world.  A 
trial  in  your  electronic  circuits  will  serve 
to  verify  these  claims. 

PHYSKAl  AND  lUOIKAl  SKOnUTIONS 
Tm  “A"  IQISTOn 


.Motors  •  Fans  •  Heaters  •  Power 
,Rel9ys  •  Vacuum  Tube  Circuits  • 
Keyers,  etc. 


Current  Overload  •  Current  Under¬ 
load  •  Current  Differentials  •  Current 
Polarity  •  Bridge  Balance  •  Alternating 
Current  Frequency  •  Pulsations  up  to 
200/ sec.  or  more. 

Sound  Level  •  Illumination  Level  • 
Temperature  •  Hydrolysis  Level  of 
Electrolyte  •  Time  Delays  •  Voltage 
Variation  •  Current  Variation,  etc. 

Exceptional  Precision  in  control  of 
variables  of  almost  any  kind  is  often 
possible  in  well  engineered  systems. 

Wa  solicit  tho  privilogo  of  assisting 

you  in  your  own  probloms. 

TechniesI  Bulletin  2  offers  graphic 
methods  for  designing 
I  relay  circuits.  Send  for 

In  inM  y^ENGINEERING  DEPARTMENT 


TYK  "CX"  HSISTOtS 


947-0 


7A1-0 


759-0 


797-0 


774-0 


OSOW  IT  SAST  MUUUS.  inHTtWt!  VAlUf  4NS  TOUUNCI. 


Globar  Division 


NIAGARA  PALLS,  N.  Y. 

'CGrborundum  and  Globar  are  re^tarvd  tnMie*^inRrLs  oT 
^and  indicate  manufacture  by  The  Carbomndum  CompaoY^ 
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,riUi  their  use.  ‘  In  general,  where 
eonsid^tions  of  the  speed  of  the  ex¬ 
posure  are  unimportant  intensifying 
gerei'ns'  are  not  used. 

The  radiographic  efficiency  of 
x-rays  can  also  be  increased  by  the 
of  Ihin  lead  foil  intensifying 
scretMis  uoout  .006"  in  thickness.  In 
this  oase  the  action  is  produced  by 
the  release  of  secondary  electrons  as 
well  as  by  secondary  x-rays  oroduced 
in  the  lead.  In  addition,  gr.  ater  con¬ 
trast  and  definition  result  because 
the  lead  tends  to  reduce  the  intensity 
of  the  longer  wavelength  scattered 
radiation  to  a  greater  extent  than  it 
does  the  intensity  of  the  primary 
rays.  The  amount  the  exposure  time 
can  be  reduced  depends  upon  the 
kilovoltage,  the  film,  and  the  thick¬ 
ness  and  composition  of  the  speci¬ 
mens.  As  a  matter  of  fact,  for  low 
voltages  the  exposure  time  may  be 
greater  with  lead  screens  due  to  ex¬ 
cessive  absorption  of  the  primary 
rays. 

r.  •  'i  '■'I'i  '  ■  I 

X-ray  Tab*  Octiga 

Most  x-ray  tubes  are  diodes,  and 
from  the  standpoint  of  the  number  of 
elements  involved,  their  construction 
and  design  should  be  very  simple.  As 
a  matter  of  fact,  it  is  possible  to  gen¬ 
erate  x-rays  from  rather  simple 
tubes.'  Much  of  the  simplicity  of 


The  Army-Navy  "£'*  proudly 
flies  over  the  Chicago  Trans¬ 
former  plant  awarded  for  ex¬ 
cellence  in  war  production 


An  £44e4itlcU  Pant 


ol  £lect^v04tic  ^e^uce^ 

THE  TRANSFORMER 
of  CUSTOM  DESIGN 


mr  IS  on  organ¬ 
on  specializing  exclusively  in  the 
design  and  manufacture  of  all  types 
of  small  transformers  and  reactors. 

Housed  in  our  modern  daylight  plant 
are  complete  laboratory  and  plant 
facilities  for  the  handling  of  every 
operation  in  the^manufacture  of  fine 
transformers  for  Electronic  Devices. 


CHICAGO  TRANSFORMER 

CORPORATION 

DIVISION  OF  ESSEX  WIRE  CORPORATION 

3501  WEST  ADDISON  STREET  •  CHICAGOJ8 
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With  today's  heavy  demands  for  power,  line  voltages  are  constantly 
fluctuating  thus  impairing  the  performance  of  much  precision  and 
manufacturing  equipment.  A  Raytheon  Voltage  Stabilizer  incorp¬ 
orated  into  such  equipment  will  control  output  voltage  to  plus 
or  minus  over  wide  fluctuating  voltage  limits.  Here’s  what 

Raytheon  will  do  for  you. 

Stabilize  varying  AC  input  voltage  to  ^ /2  %...  Quickly  stabilize 
any  load  within  their  ratings ...  Input  voltage  is  stabilized  within  2 
cycles,  variations  cannot  be  observed  on  an  ordinary  volt  meter . . . 
Stabilizes  over  wide  AC  voltage  limits,  95  to  135  volts.. .  Entirely 
automatic  operation,  connect  it  and  forget  it. 

New  Bulletin  DL48-537  is  free.  Write  for  your  copy. 


A' 


raythe(^3  manufacturing 


190  willow  ST  ,  WAITHAM,  MASS 


construction  is  lost,  however,  in  mak-  1.11  x  10  *  as  per  Compton  and 
ing  the  tube  suitable  for  routine  Allison.*  The  remaining  energy  ^nust 
high-quality  radiographic  work  on  an  be  dissipated  from  the  target  aa 
economical  basis.  heat.  For  this  reason  the  problem 

Tubes  built  for  medical  diagnostic  of  heat  tj*ansfer  from  the  anooe  of 
uses  have  a  voltage  range  in  general  an  x-ray  tube  is  one  of  the  imp(  i  tant 
between  40,000  volts  and  100,000  problems  of  x-ray  tube  design 
volts.  Medical  therapy  tubes  in  some  Tungsten  has  been  widely  accepted 
instances  are  employed  to  1000  kilo-  as  the  material  of  the  target  for  x- 
volts.  Tubes  for  industrial  radi-  ray  tubes  because  of  its  low  vapor 
ography  are  in  general  used  in  a  pressure,  high  melting  point,  high 
range  between  30  and  220  kilovolts,  atomic  number,  and  reasonably  good 
and  in  some  instances  to  1000  kilo-  thermal  conductivity.  Two  general 
volts.  The  glass  walls  of  the  tube,  methods  for  dissipating  the  anode 
which  must  insulate  the  electrodes  heat  have  found  wide  use  among 
for  the  total  impressed  voltage  across  tube  manufacturers.  In  the  first  and 
the  tube,  are  usually  fabricated  of  less  used  method,  the  tungsten  x-ray 
a  hard,  highly  resistant  glass,  such  target  is  supported  by  a  molyh 
as  pyrex.  In  order  to  minimize  the  denum  rod  and  the  heat  dissipated  by 
very  appreciable  x-ray  absorption  of  radiation  through  the  glass  bulb.  In 
the  glass,  the  x-rays  are  generally  the  second  method,  the  copper  is  cast 
brought  out  through  a  specially  over  a  tungsten  button,  and  the 
ground  window  in  the  bulb.  resulting  casting  machined  in  the 

The  bulb  tends  to  pick  up  negative  manner  indicated  in  Fig.  9. 
charges  during  the  operation  of  the  Under  operation  the  energy  into 
tube,  and  for  high  voltages,  particu-  the  anode  is  conducted  through  the 
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A  WAR  JOB 

For  YOU? 


#  We're  mighty  busy  turning  out 
MURDOCK  RADIO  PHONES  — and 
many  other  radio  and  telephone  parts. 
Every  item  in  this  output  is  distin¬ 
guished  by  infinite  manufacturing  skill 
—  fine  precision  engineering  —  as  al¬ 
ways  for  39  years. 

But  we  would  like  to  do  even  more 
to  help  win  this  war.  And  we  cani 
We  still  have  manufacturing  facilities 
available  for  making  more  Radio 
Phones  and  related  parts. 

^  If  you  are  swamped  with  work  in  our 
field,  and  need  outside  manufacturing 
assistance  from  a  splendidly  equipped 
plant  with  a  national  reputation  for 
making  precision  products,  we  suggest 
that  you  get  in  touch  with  us. 

We  solicit  your  proposals  to  do  work 
for  you  on  a  sub-contract  basis — with 
prompt  deliveries  assured.  Write  Dept. 
66  for  catalogue. 
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j  1  rim  effective  focal  spot,  and  in 
lome  cases  as  high  as  500  ma  with  a 
I  BUT  effective  focal  spot.  The  usual 
0,  employed  in  these  techniques 
Xj  60  sec.,  1/30  sec.,  and  1/20  sec. ; 
ind  accurate  timers  are  required  to 
event  overloading  the  tube, 
the  anode,  which  is  supported  on 
bearings,  is  rotated  at  high 
^peed  by  an  oil  immersed  induction 
r,  the  coils  of  which  are  at 
and  potential,  and  are  mounted 
iroond  outeide  diameter  of  the 
jnode  portion  of  the  bulb.  The  rotor 
of  the  induction  motor  is  part  of  the 
anode  assenibly  of  the.  tube.  Since 
these  tubea^must  be  outgassed  at 
temperatures  considerably  ..higher 
than  their  normal  loading,  it  is 
necessary  to  provide  a  good  vacuum 
lubricant  which  is  reasonably  tem¬ 
perature-resistant.  These  tubes  have 
^ial  problems  in  regard  to  disr 
lipating  continuous  loadings,  since 
the  bearings  provide  a  poor  thermal 
ecmducting  path  to  the  outside  of  the 
tube  envelope  yet  must  be  kept  cool. 

In  certain  industrial  applications 
it  is  necessary  to  make  radiographs 
in  times  so  short  as  to  preclude  the 
conventional  methods  of  timing  ex¬ 
posures.  In  order  to  obtain  useful 
x-ray  intensities  in  such  intervals, 
it  is  necessary  that  extremely  large 
currents,  of  the  order  of  2000  am¬ 
peres,  pass  through  the  tube.  The 
Hot  tungsten  filament  tube  cannot 
these  currents  because  of  the 
imitations  imposed  by  space  charge, 
ind  safe  operating  temperatures  of 
ihe  filament.  Slack  and  Ehrke'°  have 
ieveloped  a  300-kv  cold-cathode  x-ray 
tube  which  permits  high  speed  expos- 
res  (less  than  a  micro-second). 

In  conclusion,  I  should  like  to 
acknowledge  the  assistance  of  Mr. 
lohn  Walker  in  preparing  the  fig- 
fee.  shown  in  the  text. 
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TO  INVESTIGATE 

POWERSTAT 

VariabI*  Voltage  Transformers 


.  .  .  for  problems  involving  an  exacting  con¬ 
trol  of  voltage.  POWERSTATS  combine  the 
features  of  continuous,  stepless  and  highly 
efficient  control  of  AC  voltage  and  power. 
Reliability,  rugged  ness,  light  weight,  efficiency 
and  modem  design  make  them  a  standard  on 
many  types  of  combat  equipment. 

The  new  Motor  Driven  POWERSTATS  are 
ideally  suited  for  automatic  manufacturing 
processes,  or  incorporation  into  your  product. 
Manually  operated  types  are  made  into  the 
same  rigid  specifications  for  use  where  re¬ 
mote  control  is  unnecessary. 
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New  jnd  Old  Workers  find  SPII^tlTE 
fastest  wrench  for  speedy  assembly  of  sn! 

Standard  >i«c«  with  h«i  t< 

3  16  to  S  8".  Knurled 
Square  SockcN  available 

er<3er 

SPINTITC  wbrkf  like 


tcrrw  driver 


headquarters  io: 
J”l%Mofors 


WORCISTER,  MASSACHUSETTS,  U.  S 


APOLOGY  w 
o  PROI^  / 


by  “shock  proofing’’  the  tube,  that  is, 
mounting  it  in  an  oil-immersed 
grounded  head,  and  making  high-^ 
voltage  connections  to  it  from  the 
transformer  through  grounded 
zables.  The  head  is  generally  equipped 
with  a  lead  casing  to  provide  x-ray 
protection.  “Shock  proofing”  the 
tube  permits  reducing  its  size,  since 
the  minimum  spacing  required  to 
prevent  sparkover  is  much  lower  in 
oil  than  it  is  in  air.  An  alternative 
method  frequently  used  consists  in 
mounting  both  the  tube  and  the  high 
voltage  generating  equipment  in  the 
same  oil  filled  container. 

For  high-current  exposures  of 
short  duration,  the  rating  of  the  tube 
is  limited  by  the  possibility  of  melt¬ 
ing  the  tungsten  focal  spot.  As  the 
current  is  decreased  and  the  time  of 
exposure  becomes  longer,  the  tube 
rating  becomes  limited  by  the  heat 
capacity  of  the  copper  anode  and  the 
continuous  heat-dissipating  ability 
of  the  anode  cooling  system. 

A  typical  rating  chart  for  a  3.0x8.8 
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Through  Uncontrollable 
Circumstances  . . .  Our 
Catalog  was  Delayed 


Our  sincere  apologies  .  .  .  we’ve  cried 
to  be  patient,  and  hope  you  have  too,  but 
it  is  now  really  ready  for  mailing,  after 
several  months’  delay  in  preparation.  It’s 
NEWER,  more  VALUABLE,  and  more 
INTERESTING. 


PIG.  10 — Scanple  rettiag  chart  for  100-kilo- 
volt  x-roy  tube  used  oo  full-wenre  rectifica- 
Hon.  Effective  spot  size  is  3  x  3  mm 


We  promise  you  a  BE'TTER  book, 
however,  because  the  interim  has  al¬ 
lowed  us  to  include  many  new  items. 
’The  catalog  is  packed  full  of  helpful, 
up-to-the-minute  information  on  tim¬ 
ing  motors  for  use  in  Automatic  Reset 
Timers — Time  Delay  Relays — Vacuum 
Tube  Circuit  Controls,  etc. 


mm  spot,  which  has  an  effective  focal 
spot  of  3.0x3.0  mm,  is  shown  in  Fig. 
10.  Greater  energy  of  short  time 
loading,  and  hence  larger  x-ray  out¬ 
put,  is  possible  with  a  larger  focal 
spot.  However,  such  increased  in¬ 
tensities  are  obtained  at  the  expense 
of  radiographic  sharpness,  which 
varies  with  the  size  of  the  focal  spot. 

In  some  medical  applications  it  is 
desirable  to  make  radiographs  of 
very  short  exposure  times  requiring 
high  intensities  of  radiation,  and  a 
high  degree  of  sharpness  in  the  fin¬ 
ished  radiograph.  In  order  to  permit 
the  desired  loading  of  the  tube  it  is 
necessary  to  rotate  the  anode,  thus 
spreading  the  heat  over  a  large  area, 
and  confining  the  source  of  x-rays  to 
a  very  small  effective  area.  Expo¬ 
sures  to  200  ma  are  commonly  used 
with  these  tubes  in  connection  with 
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Terminology 

(Continued  from  page  146 

SkHting  Q-peint  or  CPO  Coaverttn 

It  is  assumed  that  the  multi-elec 
trode  tube  in  Fig.  3a  operate  witl 
electron  coupling,  which  may  be  de 
fined  as  a  sort  of  coupling  for  whid 
the  reciprocity  theorem  is  not  valic 
Thus  the  signal  grrid,  carry ii  g  th 
signal  voltage  is  coupled  t 


M  precision 

lflokcrs®»J^ 


Ratings  from 
350  to  35,000 
watts.  50  to 
800  crcloB,  110 
to  660  Tolts, 
A.C.  —  6  to 
4000  volts, 
D.C.  Also  dual 
A.C.  and  D.C. 
output  typos. 


will  first  be  considered.  When  con 
troling  the  intensity  of  the  electro 
stream,  the  oscillator  grid  also  coi 
trols  the  signal-grid  slope  Qm-  Th;- 
action  may  be  illustrated  as  in  Fi; 
3b,  where  the  i. 


iLEGTRICITY  for  ANY  JOB-ANYWHEBE 


^ONAN  GASOLINE  DRIVEN  ELECTRIC  GENERATING  PLANTS  protride 
electricity  ior  many  electronics  Jobs,  general  applications,  and  for  emergency 
service. 

They're  doing  a  war  winning  job  today,  furnishing  vital  power  and  light  for 
scores  of  war  tasks  on  all'  the  fighting  fronts. 

Your  inquiry  regarding  present  or  post-war  needs  lor  ONAN  Electric  Generat¬ 
ing  Plants  will  get  prompt  attention. 


chi  •  scterisric 
tilts  around  its  cut-off  point  (as 
suming  for  simplicity  that  the  cut¬ 
off  value  remains  fixed).  The  fre¬ 
quency  of  the  tilting  movement  is 
the  frequency  of  the  oscillator  volt¬ 
age.  In  case  of  outer  grid  injection, 
Fig.  3a,  the  action  is  merely  one  of 
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current  division  between  the  screen 
grid  and  the  plate.  Even  in  this  case 
Fig.  3b  illustrates  the  conditions 
quite  thoroughly,  the  result  as  before 
being  a  tilting  of  the  signal  grid 
characteristic.  The  instantaneous 
slope  may  therefore  be  represented 
generally  by  the  expression 

(^•)  <»•!.  =  (»-)«  + ib"  £.  cos  Bt,  (11)  I 
where  k"  is  a  proportionality  quan-  i 
tity,  and  k"  E,  —  g^,  is  the  amplitude 
of  the  transconductance  variation. 
The  periodic  variation  in  transcon¬ 
ductance  between  (flr«)v  4-  k"  E,  and 

—  kf'E,  illustrates  the  periodic  j 
gain  variation  in  the  tube,  which 
causes  the  output  wave  to  expand 
and  contract — in  other  words,  to  be¬ 
come  amplitude-modulated  (compare 
with  screen-grid  and  suppressor-grid 
modulation).  The  modulating  device 
is  not  utilized  as  a  modulator,  as  only 
one  of  the  side  frequencies  is  picked 
up  in  the  output  (usually  \A  —  B\/ 
2it).  The  conditions  are  similar  to 
those  previously  described  for  the 
sliding  Q-point  device.  Whether  the 
modulating  device  acts  as  a  modulator 
or  frequency  converter  is,  as  before, 
a  question  of  the  tuning  of  the  out¬ 
put  impedance. 

A  mathematical  expression  for  the 
desired  output  may  be  obtained  as 
follows :  The  instantaneous  plate 
current  of  interest  is 

t,- (12) 

j  A  substitution  from  Eq.  (11),  ne- 
I  glecting  the  constant  term,  yields 

i,  =  (jb"  E.  cos  Bi)  E,  cos  At  (13) 

- - E.  E.  cos  {A-B)  I  (14) 

The  same  treatment  could  have  been 
applied  to  the  sliding  Q-point  con¬ 
verter.  If  the  converter  has  a  para¬ 
bolic  characteristic,  Eq.  (11)  ap¬ 
plies  directly.  As  the  plate  current 
contains  one  term,  such  as  the  one 
shown  by  Eq.  (12),  the  expansion  in 
Eqs.  (13)  and  (14)  follows  directly. 

A  study  of  the  Q-point  movements 
in  Fig.  3b  reveals  that  the  Q-point 
keeps  on  shifting  from  one  charac 
teristic  to  another.  The  term  “shift¬ 
ing  Q-point  converter”  was  coined 
and  introduced  to  illustrate  this  par¬ 
ticular  condition.  The  “sliding-shift¬ 
ing”  terminology  has  worked  out 
quite  nicely  in  practice,  but  two  other 
terms  are  herewith  presented  as  al¬ 
ternatives,  the  new  terms  being  re¬ 
lated  to  the  path  of  operation  rather 
than  to  the  Q-point.  As  a  starting 
point  for  this  discussion  it  may  bt 
stated  that  over-all  nonlinearity  is  a 
primary  requirement  on  a  frequency - 
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changing  device.  The  nonlinearity 
provides  for  periodic  displacements 
in  the  output  wave  above  and  be¬ 
low  the  average  value  (the  displace¬ 
ment  frequency  is  usually  {^4  —  B\/ 
2k).  The  displacements  occur  be¬ 
cause  the  amplitude  of  the  excursions 
along  the  path  of  operation  follows  a 
periodic  variation,  controlled  by  the 
oscillator  voltage.  There  are  two 
fundamental  ways  of  controlling  the 
excursions:  to  operate  with  a  curved 
characteristic,  which  is  fixed,  and 
let  the  oscillator  voltage  directly  de¬ 
termine  the  amplitude  of  the  excur¬ 
sions  along  the  fixed  path  of  opera¬ 
tion,  or,  to  operate  with  a  straight 
characteristic  (a  temporary  assump¬ 
tion)  that  wiggles  back  and  forth, 
and  let  the  oscillator  voltage  indi¬ 
rectly  determine  the  amplitude  of 
the  excursions  along  the  now  con- 
inuously  changing  path  of  operation. 
When  a  tube  with  straight-line  sig¬ 
nal-grid  characteristic  is  used,  the 
path  of  operation  becomes  curved 
because  of  the  particular  geometri¬ 
cal  configuration.  To  illustrate  these 
wo  different  actions  the  terms  “Fixed 
Path  of  Operation”  (FPO)  con¬ 
verter  (i.e.,  sliding  Q-point  con¬ 
verter)  and  “Changing  Path  of  Op¬ 
eration”  (CPO)  converter  (i.e., 
shifting  Q-puint  converter)  have 
been  introduced.  The  path  of  oper¬ 
ation  in  the  CPO-converter  shown  in 
Fig.  3b  is  of  very  interesting  form. 

In  FPO  as  well  as  CPO  converters 
he  curved  path  of  operation  provides 
for  one  or  more  product  terms,  both 
devices  acting  as  multipliers.  The 
respective  outputs  show  similarities 
with  the  so-called  product-pattern, 
Fig.  lb,  which  yields  variations  of 
sum  and  difference  frequency. 

The  previous  discussion  as  applied 
to  PMg.  3b  illustrates  the  fact  that  a 
tube  with  linear  input  characteristic 
will  produce  conversion.  The  as¬ 
sumption  of  a  straight  characteristic 
was  made,  however,  merely  to  bring 
out  the  principle  of  the  action.  In 
practice,  requirements  of  high  gain, 
avc-action,  etc.,  necessitate  class  C 
operation  with  curved  character¬ 
istics.  As  indicated  by  Eq.  (14)  the 
output  amplitude  is  a  function  of  the 
oscillator  amplitude,  and  converters 
may  therefore  be  operated  with  such 
a  large  oscillator  swing  that  the  mix¬ 
ing  device  is  forced  all  the  way  from 
some  sort  of  saturation  down  to  far 
beyond  cut-off.  The  action  in  a  con¬ 
verter  of  conventional  tjrpe  is  rather 
complicated ;  several  phenomena 
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ilio  '  up,  which  in  the  above  diacus- 
I  gior  have  been  left  out  of  considera¬ 
tion. 

FrtqaMcy  Coavcnioa  Appllcotioas 

A  simple  code  receiver  such  as  the 
one  shown  in  Fig.  6  is  a  frequency 
con\'erter.  The  fact  that  it  does  not 
produce  detection  is  stressed  by  the 
mechanical  analogue  shown  in  the 
same  figure.  When  operated  by  an 
input  current  of  frequency  A,  the 
device  is  equivalent  to  a  motor-gen¬ 
erator,  delivering  an  output  current 
of.frequency  |i4  —  1?|.  It  is  true  that 
a  code  receiver  usually  uses  a  de¬ 
tector  Eus  mixer,  but  the  detection 
components  (the  square  wave  envel¬ 
ope)  are  not  utilized. 

The  shift  in  frequency  from  A/2* 
to  |A  —  B|/2*  is  sometimes  de¬ 
scribed  as  heterodyne  detection, 
which  term  is  somewhat  misleading 
as  no  detection  takes  place.  As  a  new 
and  more  suitable  term,  heterodyne 
code  reception  is  suggested.  (When 
the  difference  frequency  is  utilized, 
heterodyne  code  reception  and  hetero¬ 
dyne  reception  may  be  referred  to 
by  the  common  term  beat  reception.) 

In  case  of  a  code  receiver  of  super¬ 
heterodyne  type,  the  arrangement 
shown  in  Fig.  6  illustrates  the  de¬ 
tector  stage,  following  the  i-f  ampli¬ 
fier.  The  local  oscillator,  which  in 
both  circuits  makes  code  reception 
possible,  is  known  as  the  continuous 
wave  oscillator  (CWO).  Unfortu¬ 
nately  it  is  still  better  known  under 
the  somewhat  misleading  name  beat 
frequency  oscillator  (BFO).  From 
the  following  description  of  a  beat 
frequency  oscillator,  it  is  obvious 
that  the  continuous  wave  oscillator 
is  not  a  beat  frequency  oscillator.  It 
is  therefore  suggested  that  the  term 
BFO  not  be  used. 

If  the  detector  in  the  superhetero¬ 
dyne  for  code  reception  is  a  large 
signal  diode,  it  may  be  looked  upon 
as  the  mixer  in  a  sliding  Q-point  con¬ 
verter,  in  which  the  Q-point  slides  on 
and  off  the  tube  characteristic,  being 
forced  periodically  far  beyond  cut-off. 
As  before,  the  Q-point  follows  the 
oscillator  voltage,  in  this  way  pro¬ 
ducing  the  desired  variation  of  the 
converter  admittance.  ■' 

A  beat  frequency  oscillator  (BFO), 
as  the  one  shown  in  Fig.  7,  is  again 
a  frequency  converter.  This  is  indi¬ 
cated  by  the  mechEinical  analogue 
above  the  block  diagram.  As  is  well- 
known,  a  BFO  may  be  used  as  lab¬ 
oratory  equipment  to  produce  audio 
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or  video  frequencies.  It  has  tw*  het¬ 
erodyning  oscillators.  The  first  nay 
be  considered  as  the  source  foi  the 
incoming  wave  to  the  mixer,  the  ether 
one  as  a  local  oscillator.  The  fre¬ 
quency  converting  device  may  utilize 
either  a  modulator  or  a  detector. 

As  a  further  application  conuder 
frequency  conversion  in  FM  trans¬ 
mitters.  Here  converters  are  ust  d  to 
produce  in  a  single  frequency  multi- 
plier  different  multiplication  for  the 
carrier  and  for  the  swing.  Con¬ 
verters  are  also  used  in  systems  for 
indirect  frequency  control.  These 
processes  may  be  referred  tc  by 
means  of  the  terms  heterodyning  or 
frequency  conversion  or  frequency 
changing,  all  these  terms  being  justi¬ 
fied  and  at  least  one  of  them  needed. 
'As  far  as  FM  receivers  are  concerned 
the  terminology  applies  in  general.* 
One  group  of  mixers  that  has  not 
yet  been  discussed  is  the  one  used  in 
broadcasting  stations,  public  address 
systems,  pulse  generators,  pulse  am¬ 
plifiers,  etc.  These  mixers  are  in 
general  linear  mixers  or  adders  and 
produce  a  linear  or  somewhat  non¬ 
linear  superposition  of  contributions 
from  a  number  of  input  electrodes. 
It  is  suggested  that  such  devices  are 
referred  to  as  adders  whenever  risk  I 
1  of  confusion  ’  with  the  superhetero- 
I  dyne  type  of  mixer  is  present. 

j  Conclusion 

j  It  ha.s  been  shown  that  a  frequency 
converter  is  a  modulating  device,  in 
which  the  modulation  output  is  not 
utilized — or  a  detecting  device,  in 
which  the  detection  output  is  not 
utilized.  Whether  a  modulator  or  a 
I  detector  is  used  in  a  frequency  con- 
i  verter  is  merely  a  question  regarding 
practical  circuits.  Modulation  or  de¬ 
tection  theory  may  be  used  to  explain 
the  action  in  a  frequency  converter, 
although  a  special  conversion  theory 
is  sometimes  desirable. 

The  task  of  explaining  in  a  simple 
manner  the  action  in  various  types 
of  converters  is  very  much  a  matter 
of  using  a  clear  terminology  and  a 
i  suitable  cla.ssification.  The  system 
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The  notation  FM  may  then  be  used  for  the 
entire  art,  exactly  ns  it  is  used  today  in 
newsiinpers  and  magazines.  As  a  technlcaliy 
correct  term  for  the  entire  art  nnirular  modu¬ 
lation  (ANM)  or  time  axis  modulation  (TAM) 
may  be  U8e«l.  To  follow  up  this  idea,  the 
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adopted  by  the  author  in  teaching 
involves  an  extended  IRE  terminol¬ 
ogy  as  well  as  a  tentative  classifica¬ 
tion.  The  discussion  of  movements 
along  the  path  of  operation  or  move¬ 
ments  of  the  path  of  operation  itself 
has  resulted  in  such  technical  terms 
as  sliding  Q-point  or  FPO  con¬ 
verters  and  shifting  Q-point  or  CPO 
converters.  In  each  case  the  modulat¬ 
ing  properties  of  the  device  consti¬ 
tutes  a  gain  variation,  controlled  by 
the  oscillator  voltage.  A  tentative 
definition  such  as  the  following  may 
therefore  be  formulated:  a  super¬ 
heterodyne  converter  is  a  device  of 
variable  admittance  or  transadmit¬ 
tance,  which  shifts  the  frequency  of 
a  passing  wave  by  an  amount  deter¬ 
mined  by  the  periodicity  of  the  ad¬ 
mittance  or  transadmittance  varia¬ 
tion.  This  periodic  variation  in  ef¬ 
fectiveness  of  the  device  is  of  funda¬ 
mental  importance  in  the  under¬ 
standing  of  the  action  that  takes 
place  in  such  modulating  devices  as 
modulators  and  converters. 

The  author  wishes  to  thank  the 
Director  Professor  E.  L.  Chaffee  and 
faculty  members  of  Cruft  Laboratory 
for  valuable  suggestions  concerning 
the  material  covered. 
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Among  the  IRE  definitions  concern¬ 
ing  superheterodyne  converters  the 

following  are  of  primary  interest: 

Signal:  The  form  of  variation  with 
time  of  a  wave  whereby  the  infor¬ 
mation,  message,  or  effect  is  conveyed 
in  communication. 

Modulation:  The  process  by  which 
some  characteristic  of  a  periodic  wave 
is  varied  with  time  in  accordance  with 
a  signal. 

Modulator :  A  device  to  effect  the  proc¬ 
ess  of  modulation.  It  may  be  oper¬ 
ated  by  virtue  of  some  nonlinear 
characteristic  or  by  a  controlled 
variation  of  some  circuit  quantity. 

Modulated  Wave:  A  wave  of  which 
either  the  amplitude,  frequency,  or 
phase  is  varied  in  accordance  with  a 
signal. 

Telegraph-Modulated  Waves:  Contin¬ 
uous  waves  the  amplitude  or  fre¬ 
quency  of  which  is  varied  by  means 
of  telegraphic  keying. 

Demodulation:  the  process  of  modula¬ 
tion  carried  out  in  such  a  manner  as 
to  recover  the  original  signal. 

Detection :  the  process  by  which  there  is 
obtained,  in  response  to  a  modulated 
wave,  the  signal  imparted  thereto  in 
the  modulation  process. 

Rectification:  a  process  of  operation  on 
a  wave  to  produce  a  unidirectional 
component. 

Beating :  a  phenomenon  in  which  two  or 
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now — for  this  is  the  time  to  make  sure 
that  your  preparation  for  postwar  success 
shall  not  be  "too  little,  too  late” I 
One  CREI  student,  a  broadcasting  engineer, 
recently  wrote:  “/  found  your  course  suf¬ 
ficiently  advanced  for  a  college  graduate, 
and  of  an  engineering  nature.” 
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more  periodic  quantities  of  different 
frequencies  react  to  produce  a  result¬ 
ant  having  pulsations  of  amplitude. 

Beat:  a  complete  cycle  in  the  phenome¬ 
non  of  beating. 

Heterodyne  Reception  (Beat  Recep¬ 
tion):  the  process  of  .  o.neration  on 
radio  waves  to  obtain  similarly  modu¬ 
lated  waves  of  different  frequency. 
In  general,  this  process  includes  tne 
use  of  a  locally  generated  wave  which 
determines  the  change  of  frequency. 

Superheterodyne  Reception:  a  form  of 
heterodyne  reception  in  which  one  or 
more  frequency  changes  take  place 
before  det^tion. 

Frequency  Changer:  a  device  delivering 
alternating  current  at  a  frequency 
that  differs  froqi  the  frequency  of  the 
supply. 

(The  above  formulations  differ  from  the 
IRE  formulations  in  the  respect  that  the 
technical  terms  signal,  modulation,  etc.,  are 
not  repeated  in  the  beginning  of  the  defini¬ 
tions.) 


KNOCKS  and  shocks  in  wave-slamming  PT 
boats.. .vicious  vibration  in  rough-riding  tank 
and  blasting  battlewagon  .  .  .  swift  changing 
temperature  extremes  (130  above  to  60  below) 
in  aircraft . . .  it’s  all  in  the  day's  work  for  the 
Advance  Midget  Type  Ceramic  Insulated  R.F. 
Relay.  With  delicacy  of  precision  construction 
and  adjustment,  it  has  the  unfailing  stamina 
that’s  vital  when  lives  are  at  stake.  And  isn’t 
that  all  to  the  good  when  war  is  done.^  This 
relay,  born  for  battle,  has  the  qualities  that 
will  make  it  a  peacetime  medal-winner,  too! 


Proposed  Doliaitioas 

Sum  Pattern:  a  time  plot  of  the  alge¬ 
braic  sum  of  two  or  more  waves. 

Product '  Pattern :  a  time  plot  of  the 
product  of  two  or  more  waves. 

Mixing :  the  process  of  bringing  to¬ 
gether  two  or  more  waves  in  a  device 
producing  a  linear  or  nonlinear 
action. 

Adding:  the  process  of  bringing  to¬ 
gether  two  or  more  waves  in  a  device 
producing  a  linear  action. 

Mixing  Device  or  Mixer  Stage*:  a 
device  to  effect  the  process  of  mixing. 
Mixer  stage  may  be  abbreviated  to 
mixer. 

Xonlinear  Mixer  Stage  or  Multiplying 
Device:  a  device  to  effect  the  process 
of  a  nonlinear  action.  ’  (A  nonlinear 
mixer  stage  may  employ  a  device 
with  straight  characteristics,  oper¬ 
ated  in  such  a  way  that  nonlinearity 
results.) 

LAnear  Mixer  Stage  or  Adder  Stage  or 
Adding  Device :  a  device  to  effect  the 

Erocess  of  adding.  Adder  stage  may 
e  abbreviated  to  adder. 


'A’  Tens  of  thousands  ol  these 
Qarostat  power  rheostats  ore  in 
daily  use.  They  ore  standard  equip 
ment  in  many  fighting  and  ciTilian 
planes.  They  ore  proving  that  they 
con  take  it— and  then  some.  They 
are  provobly  tougher,  because  . . . 


ADVANCE  MIDGET  TYPE 
CERAMIC  INSULATED  R.  F.  RELAY 


This  unit  is  a  sturdy,  compaa  double  pole 
double  throw  relay  available  for  either  A.  C. 
or  D.  C  operation.  Especially  designed  and 
widely  used  for  aircraft,  marine  and  other 
mobile  communication  equipment,  it  is  only 
X  IV^'  in  base  dimensions,  and  1V4*  in 
height  (minimum  space  required  for  mounting). 

To  safely  handle  R.F.  power, high  dielectric 
ceramic  Steatite  insulation  is  used  throughout 
and  all  control  terminals  are  adequately  spaced. 
A  third  contact  assembly  may  be  added  to 
this  unit,  either  single  pole,  single  throw  or 
single  pole,  double  throw.  Pure  silver  contacts 
afford  ample  carrying  capacity  for  all  types  of 
portable  rigs.  Coils  are  continuous  duty  type. 
The  unit  may  be  mounted  and  operated  in  any 
position.  There  is  complete  absence  of  "hum” 
or  "chaner”  on  A.  C.  operated  units. 
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Heterodyning :  a  process  of  mixing  for 
the  obtaining  of  sum  or  difference 
frequencies. 

Heterodyne  Code  Reception  (Beat  Re¬ 
ception)  :  the  process  of  operation  on 
telegraph-modulated  waves  to  obtain 
similarly  telegraph-modulated  waves 
of  different  frequency  (usually  of 
audible  frequency). 

Beat  Frequency  or  Difference  Fre¬ 
quency:  the  frequency  of  the  ampli¬ 
tude  pulsation  of  the  resultant  ob¬ 
tained  in  the  phenomenon  of  beating. 

Beat-Frequency  Generation:  a  process 
of  heterodyning  for  obtaining  the 
difference  or  beat-frequency. 

Beat-Frequency  Oscillator,  BFO:  a  de- 

•  Note  that  “couverter  stage"  or  "con¬ 
verter  tube”  and  “mixer  stage”  or  "mixer 
tube”  are  abbreviated  “converter”  and 
"mixer”.  To  avoid  confusion  It  is  advisable 
always  to  use  the  complete  technical  term 
whenever  there  is  risk  of  misunderstanding. 


^  Write  for  bollellii 


OTHER  ADVANCE  RELAYS 

are  made  for  general  circuit  control  applica¬ 
tions.  Each  receives  individual  adjustment  and 
inspeaion.  Orders  given  prompt  attention,  and 
deliveries  are  on  i  schedule.  Write  for  details. 


ojunm  wnta  st;Brookiyi.  ii.t. 
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rice  to  effect  beat-frequency  genera¬ 
tion. 

frequeneif  Conversion  or  Frequency 
Changing:  identical  with  heterodyne 
re<eption  but  may  have  a  broader 
tnennin^,  as  it  does  not  refer  only  to 
the  receiving  side.  It  is  here  assumed 
that  heterodyne  reception ,  covers  not 
pffly  obtaining  the  difference  fre¬ 
quency  (Beat  Reception)  but  also 
obtaining  the  sum  frequency. 

Converter  Stage:  a  device  to  effect 
frequency  conversion.  A  frequency 
converter  stage  may  be  referred  to  as 
g  frequency  converter  (abbreviated 
form),  being  identical  with  a  fre¬ 
quency  changer. 

Converter  Tube :  an  electron  tube  which 


jiixer  Tube:  an  electron  tube  which 
contains  the  electrode  system  of  the 
mixing  device,  but  not  the  electrode 
system  of  the  local  oscillator. 

Detector:  a  device  to  effect  the  process 
of  detection.  A  detector  may  be  any 
device  which  in  response  to  a  modu¬ 
lated  wave  enables  the  signal  (intelli¬ 
gence)  imparted  thereto  to  be  heard. 


A-75-J,  a  New  Resistor  Tubing 

Plcturad  obova  is  our  naw  A-75-I  rafroctory  tubinq  malarial.  A-75-I  bos 
spaciol  qnolitias  that  moka  It  highly  dasirobla  for  wira  wound  aaomalad  rasistor 
tubing.  It  is  porticularly  wall  odaptad  lor  alactrical  control  and  radio  usa.  Glad 

*to  giva  you  lurthar  datails  and  quota  pricas  on  your  raqidra- 
mants  if  you  will  sand  us  drawings  or  spadiicotlons. 

The  Colonial  Insulator  Company 

983  Groat  StM  Akron  11,0.  Chicago  Offica:  1 706  Fnllartoa 


non,  the  position  of  which  is  deter¬ 
mined  by  locally  applied  voltages. 
(The  oscillator  voltage  is  to  be  con¬ 
sidered  as  a  locally  applied  voltage. 
The  input  signal  voltage  is  the  oper¬ 
ating  voltage.) 

Sliding  Q-point  Converter:  a  frequency 


converter  in  which  the  admittance  or 
transadmittance  variation  is  caused 
an  oscillator  voltage  applied  to  the 
signal  electrode. 

Shifting  Q-point  Converter:  a  fre¬ 
quency  converter  in  which  the  trans¬ 
admittance  variation  is  caused  by  an 


oscillator  voltage  applied  to  electrode 
other  than  the  signal  electrode. 

Single  Input  Mixer 


a  mixer  in  which 
the  signal  and  oscillator  waves  are 
applied  to  the  same  electrode. 

Double  Input  Mixer:  a  mixer  in  which 
the  signal  and  oscillator  waves  are 
applied  to  different  electrodes. 

Outer  Grid  Injection  (OGI):  the  type 
of  oscillator  voltage  injection  em- 

Jiloyed  when  the  injection  electrode  is 
urther  from  the  cathode  than  the 
signal  electrode. 

Inner  Grid  Injection  ( IGI) :  the  type  of 
oscillator  voltage  infection  employed 
when  the  injection  electrode  is  doser 
to  the  cath^e  than  the  signal  elec¬ 
trode. 


TRIPLETT  MODEL  G45  PORTABLE.  Hinged  cover  protection.  Opens 
flush.  Smooth  case  open  or  closed.  Molded  shield  protects  movement,  excludes 
dust,  permits  plug-in  thermocouple  or  rectifier  replacements  without  exposing 
sensitive  mechanism.  Pre-calibration  of  thermocouples  or  rectifiers  made  pos¬ 
sible  by  interchangeable  plug-in  units.  No  re-calibration  required.  In  bum-out 
of  thermocouple  or  rectifier  new  replacement  can  be  affected  “on  the  job”. 

THE  TRIPLETT  ELECTRICAL  INSTRUMENT  CO.,  BLUFFTON,  OHIO 


ON  MEASURING:  “I  often  say 
that  when  you  can  measure  what  you 
are  speaking  about,  and  express  it  in 
numbers,  you  know  something  about 
it;  but  when  you  cannot  express  it  in 
numbers,  your  knowledge  is  of  a 
meagre  and  unsatisfactory  kind;  it 
may  be  the  beginning  of  knowledge, 
but  you  have  scarcely  in  your 
thoughts  advanced  to  the  stage  of 
science.” — Lord  Kelvin,  1883. 


HINGED 

COVER 


For  additional  engineering  informa¬ 
tion  on  Model  646  and  other  instru¬ 
ments  of  the  same  case  style  write 
for  645  data  sheet. 

BUY  WAR  BONDS  and  STAMPS 
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NEW  BOOKS 


Radio  Networks  and  the 
Federal  Government 

By  Thomas  P.  Robinson,  Columbia 
University  Press,  New  York,  194A‘  g7t 
jxiyes,  price  $".■'>0. 

Starting  with  the  formation  of  the 
Radio  Corporation  of  America  on 
Nov.  17,  1919  and  with  the  technical 
origin  of  broadcasting  at  KDK.\  on 
Nov.  1,  1920,  this  book  traces  the 
growth  of  the  American  way  of 
broadcasting  by  private  enterprise, 
as  a  background  for  analysis  of  the 
present  legal  battle  between  the  Fed¬ 
eral  Communications  Commission 
and  the  radio  networks.  Many  facts 
and  figures,  a  bibliography  and  s 
carefully  prepared  index  add  to  the 
usefulness  and  reference  value  of  the 
book  to  anyone  interested  in  the  po¬ 
litical  aspects  of  this  one  phase  of 
radio  broadcasting. — J.M. 


IF  YOU  HAVE  A  VIBRATION  PROBLEM 


You  can  easily  eliminate  loose  connections,  or  chemicals.  They  have  great  re  usability, 
troublesome  vibration  noise,  and  resistance  They  simplify  maintenance  and  assembly 
caused  by  bad  contacts  through  the  use  of  and  they  do  away  with  the  need  for  lock- 
Boots  Self-Locking  Nuts.  Boots  Nuts  can’t  washers.  If  you  have  a  vibration  problem, 
work  loose  .  .  .  they  successfully  withstand  Boots  engineering  department  can  help  you 
the  effects  of  heat,  and  corrosion  by  oil,  water  stJve  it.  Write  today. 

Thara'$  a  BOOTS  NUT  for  ovary  application 


Alternating  Current  Circuits 

By  R.  M.  Kerchner  and  G.  F.  CoK- 
CORAN,  Second  edition,  563  pp.,  price 
$i.75,  John  Wiley  &  Sons,  New  York, 

Originally  published  in  the  spring 
of  1938,  the  volume  by  Kerchner  and 
Corcoran  has  been  revised  and  is 
now  issued  as  a  second  edition  with 
many  changes  from  the  first.  It  is 
intended  as  a  textbook  for  junior  stu¬ 
dents  in  electrical  engineering  who 
have  had  adequate  preparation  in 
physics  and  mathematics  including 
the  differential  and  integral  calculus. 

The  book  represents  a  sincere,  and 
undoubtedly  successful,  attempt  to 
present  the  basic  principles  of  alter¬ 
nating  current  circuits  to  students 
who  may  later  elect  to  follow  either 
the  power  or  the  communications 
field.  The  chapters  on  balanced  poly¬ 
phase  circuits,  on  unbalanced  poly¬ 
phase  circuits,  and  on  symmetrical 
components  definitely  deal  with  prob¬ 
lems  of  primary  consideration  to  the 
The  chapters  on 


GENE»Al  OFFICE?,  NEV/  CASiAAN,  COHNECnCqi.^ 


TO  THE  "Nth”  DEGREE 


Perfect  co-ordination  of  skilled  minds  and  hands 
in  a  well  knit  organization  with  20  years  of  radio 
manufacturing  experience  has  been  the  secret  of 
MERIT'S  success  in  building  precision  equipment 
to  the  most  exacting  specifications. 

Now  manufacturing  for  every  branch 
Armed  Services. 

Enlarged  facilities  enable  us 
to  offer  prompt  shipment  on 
priority 


power  engineer, 
electric  wave  filters,  coupled  circuits, 
and  transmission  line  calculations  are 
topics  in  which  the  communications 
engineer  may  be  expected  to  be  more 
interested.  The  chapter  on  alternat¬ 
ing  current  measurement  represents 
predominantly  the  point  of  view  of 
the  power  engineer  and  is  somewhat 


Transformers  —  Coils  —  Reactors  T 
— Electrical  Windings  of  All  Types 
for  the  Radio  Trade  and  other 
Electronic  Applications. 

MERIT  COIL  &  TRANSFORMER  CORP, 

SI  I  North  Desplaines  St.  CHICAGO  6,  U.S.  A. 
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S«H«s  929  For  Motai  Tubos 


PItOMPT  DELIVERY 
Soniples  and  Pric«s  Upon  Roquost 


THE  BIRTCHER  CORPORATION 


LOS  ANGELES  32 


SoHos  929 


Birtchor 


BIRTCHER 


STAINLESS  STEEL 
LOCKING  TYPE 

TUBE 
CLAMPS 


Sorios  930 

for  Sub-Chassis  Mountod; 
Gloss  Tubos 


Clamps  aro  suitablo 
ippiicotions  requiring  a 
posHivo<action  device  for  securely 
holding  tubes  and  similar  pli 
components  in  their  sockets  ■ 
extreme  vibraticm  stresses. 


weak,  especially  for  measurements 
beyond  power  line  frequencies, 

A  distinct  effort  has  been  made  to 
teach  the- fundamentals  of  alternat¬ 
ing  current  theory  rather  than  to 
dwell  upon  current  practices  which 
may  change  from  time  to  time.  There 
are  no  photographs  of  imposing  elec¬ 
trical  installations  or  power  lines 
strung  across  the  mountains  or  simi¬ 
lar  imagination  stimulating  photo¬ 
graphic  reproductions.  Professors  | 
Kerchner  and  Corcoran  have  packed  i 
their  volume  with  good  sound  engi-  [ 
neering  theory,  making  adequate  but  > 
just  use  of  calculus,  differential 
equations  and  complex  algebra.  Al-  ; 
though  the  book  gives  some  treat-  ; 
ment  of  transient  and  non-sinusoidal  | 
wave  forms,  the  major  bulk  of  the  | 
volume  is  devoted  to  a  solution  of 
steady  state  conditions  with  sine 
wave  voltages  and  currents.  The  vol¬ 
ume  does  contain  many  schematic 
wiring  and  wave  form  diagrams,  and 
in  many  cases  the  latter  have  been 
supplemented  by  photographs  of 
actual  oscillographs. 

It  would  seem  to  this  reviewer  that 
“Alternating  Current  Circuits”  is 
the  type  of  volume  which  the  stu¬ 
dent,  using  it  as  a  textbook,  would 
find  useful  not  only  during  his  train¬ 
ing  as  an  engineering  student  but 
later  as  a  practicing  engineer  when 
the  book  will  undoubtedly  come  in 
handy  for  reference  use. — B.D. 


Radio  Troubleshooter's 
Handbook 

By  Alfred  A.  Ghirakdi,  Radio  &  Tech¬ 
nical  Publishing  Co.,  New  York,  3rd 
Revised  and  Enlarged  Edition,  191tS,  7hU 
pages,  price  $5.00. 

A  COMPILATION  of  data  useful  chiefly 
to  those  servicing  radio  receivers, 
consisting  essentially  of  the  second 
edition  (1941)  with  some  of  the  text, 
illustrations  and  data  brought  up  to 
date.  Of  particular  merit  is  the  new 
28-page  chart  of  tube  characteristics 
and  base  diagrams,  covering  receiv¬ 
ing,  special-purpose,  transmitting, 
cathode-ray  and  Army  and  Navy 
tubes.  I-F  peak  values  are  given  for 
over  20,810  models  of  superhetero¬ 
dyne  receivers.  Tables  and  charts 
give  a  wealth  of  other  useful  refer¬ 
ence  data  in  handy  form  for  engi¬ 
neers,  Including  addresses  of  many 
firms  connected  with  the  radio  in¬ 
dustry. — J.M. 


PORTABLE  POWER 

PROBLEMS 


No.  2  —  Automatic  Flight  Recorder 


WHEN  CONSOLIDATED  VULTEE  developed 
this  superhuman  radio  flight  reporter,  the 
need  for  compact,  reliable,  portable  power 
was  met  by  Biu'gess  Batteries—  also  xised 
in  all  laboratory  testing  and  development 
work  at  Vultee  Field.  When  a  plane  is 
test-flown,  stress  and  strain  conditions  at 
70  key  points  equipped  with  gauges  are 
relayed  continuously  to  the  ground  station. 


100  TMLES  AWAY  engineers  watch  the  ticker 
tape  of  the  Burgess-powered  recorder  .  .  . 
direct  flight  maneuvers  or  warn  the  test 
pilot  of  danger  by  radio.  Why  not  bring 
your  electronic  problems  to  Burgess  Engin¬ 
eers  when  portable  power  is  involved? 

FREE. .ENGINEERING  HANDBOOK 

80-page  manual  of  basic  data  and  char¬ 
acteristics  of  dry  batteries  for  all  electronic 
applications.  Tabbed  for  ready  reference. 
Write  Dept.  9  for  free  copy.  Burgess 
Battery  Company,  Freeport,  Illinois. 


BURGESS  BATTERIES 
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APPLYING  NEW 
PBINCIPLES 


Understanding  Radio 

By  H.  M.  Watson,  H.  E.  Welch  and 
G.  F.  Eby,  bos  pages,  reprinted  edition, 
price  $2.80,  McGraw-HUl  Book  Co., 
New  York. 

This  new  edition  of  a  popular  book 
on  elementary  radio  is  directed  pri¬ 
marily  at  the  elucidation  of  the  prin¬ 
ciples  underlying  radio  communica¬ 
tion.  It  is  intended  as  an  introduc¬ 
tion  to  radio  and  is  suitable  for  use 
in  high  schools,  trade  schools  or  jun¬ 
ior  colleges.  It  is  essentially  a  prac¬ 
tical  book  with  emphasis  on  outlin¬ 
ing  qualitative  concepts  and  is  vir¬ 
tually  free  from  mathematics  even 
of  the  simplest  sort. 

The  authors  have  used  some 
novelty  in  certain  of  their  diagrams 
and  frequently  have  stimulated  the 
reader  by  including  photographs  of 
historical  interest.  A  list  of  techni¬ 
cal  terms  is  included  at  the  end  of 
each  chapter,  and  there  are  many 
sets  of  questions  by  which  the  stu¬ 
dent  may  test  his  comprehension  of 
the  text  which  has  been  studied.  Em¬ 
phasis  has  been  placed  on  the  actual 
construction  and  operation  of  radio 
equipment.  It  would  probably  be  un¬ 
fair  to  classify  the  book  as  a  labora¬ 
tory  manual  but  it  does  partake  of 
the  characteristics  of  a  combined 
laboratory  manual  and  text  book. 

The  fundamental  principles  of 
radio  are  outlined  in  the  chapters 
dealing  with  vacuum  tubes,  reson¬ 
ance  phenomenon,  electroacoustic  de¬ 
vices,  power  supplies,  transmitters 
and  receivers,  antennas  and  other 
chapters  treating  the  usual  radio 
topics.  The  volume  is  well  illustrated 
with  carefully  drawn  diagrams,  and 
is  printed  on  good  quality  paper.  It 
is  not  the  sort  of  a  volume  that  the 
engineer  would  select,  for  his  own 
reading  but  it  is  the  kind  of  book 
that  he  could  well  recommend  to  his 
non-technically  trained  friends  who 
desire  to  gain  some  understanding  of 
the  fundamentals  of  electronic  and 
radio  communication. — ^B.D. 


LEGAL  NOTICE 


STATEMENT  OF  THE  0WNEB8HIP,  MANA(  EiiTv,' 
CtBCUIiATION,  ETC..  BEQUH^  VT  rm  ‘ 
ACTS  OF  CONGRESS  OF  AUGUST  H 
1911.  AND  MARCH  3.  1933 

Of  Eleotronic*.  piibliiihMl  mnnthly  at  Alban..  K  t 
for  October  1,  1948.  ' 

State  of  New  York  )  „ 

Count;  of  Now  York  1 

Before  me.  a  Notary  Public  in  and  for  the  '<iau  s 
oount;  aforeeald.  peraonally  appeared  J.  A.  Or 
who.  haying  been  duly  sworn  according  to  la-.^  ,i. 
and  tv  that  he  U  the  Secretary  of  the  M.  .rtw  ii. 
Publishing  Company.  Inc.,  publishers  of  r  f  ..... 
and  that  the  following  is.  to  the  best  of  hli 
and  belief  a  true  statement  of  the  ownerthlp  .... 
ment.  (and  If  a  daily  paper,  the  Mrculationl.  .;o  '■ 
the  aforesaid  nubllratlon  for  the  date  shown  in  '  he 
caption,  required  by  the  Act  of  August  14,  it]!'' , 
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Not  all  “secret  weapons”  are  really 
weapons  in  the  same  sense  as  the 
now-famous  ^‘bazooka”.  But  many, 
inrIuHing  electronic  sound  devices, 
are  just  as  spectacular. 

The  speed  with  which  Bell  Engi¬ 
neers  were  able  to  meet  sudden 
wartime  demands  for  new  elec¬ 
tronic  equipment,  was  a  direrl 
result  of  their  aggressive  policy — 
a  policy  of  aiming  coiistanlly 
toward  new  and  belter  electronic 
sound  applications  and  inslru- 
ments  for  the  amplification,  trans¬ 
mission  and  recording  of  sound. 

An  even  greater  speed-up  in  tech¬ 
nical  progress  has  resulted  from 
BEI.I.'S  prodnclioii  of  war-vital 
sound  devires.  This  is  your  assiir- 
aiicc  that  BELL  will  be  a  leading 
name  in  peace-lime  electronic 
equipment  tmt  ! 


BF.Lfonc  intrrrommuniratiuM 
offer  every  type  of 
herviee  for  instant  hpeaking 
ronlaet  between  all  exeeu« 
lives  in  any  buhint'An  firm 
or  inanufaetiirinie  planl^^or 
between  imlividiial  execii* 
li\eft  and  any  number  of 
subordinate  slations.  ^  rile 
at  onee  for  complete  details. 
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'dyoamics  in  one  system,  and  that  in 
mother  physical  system.  The  book 
deals  with  the  analogy  between  elec¬ 
trical.  mechanical,  rectilinear,  me¬ 
chanical  rotational  and  acoustical 
systems.  The  subject  matter  is  de¬ 
veloped  in  stages  from  the  simple 
element  through  to  complex  arrange- 
Bjents  of  multi-element  systems.  In 
each  case,  the  dynamical  system  is 
developed  from  its  fundamental  dif¬ 
ferential  equation  which  is  the  same 
for  the  four  physical  systems  selected 
I  except  for  the  differentiation  in  S3rm- 
[bols  which  is  required  to  distinguish 
one  physical  system  from  another. 
Thus,  the  dynamical  analogies 
treated  by  the  author  rest  on  a 
thoroughly  firm  foundation.  They 
have  the  advantage  of  reproducing 
the  equivalent  performance  of  a  me¬ 
chanical,  electrical  and  acoustical 
system,  side  by  side.  This  feature 
should  make  the  volume  useful  to 
those  whose  training  is  largely  in  the 
mechanical,  electrical  or  acoustical 
field,  although  the  tone  of  the  book 
appears  to  be  largely  one  emphasiz¬ 
ing  the  electrical  point  of  view,  not¬ 
withstanding  Dr.  Olson's  consider¬ 
able  professional  work  in  the  field  of 
acoustics. 

After  an  introduction  in  which  are 
defined  the  terms  employed  in  the 
volume,  there  is  a  chapter  on  ele¬ 
ments  of  dynamical  systems  which 
should  be  useful  to  those  making 
their  debut  into  college  physics.  The 
next  two  chapters  deal  with  dynam¬ 
ical  systems  with  one,  two  or  three 
degrees  of  freedom  and  this  in  turn 
is  followed  by  chapters  on  correc¬ 
tive  networks,  wave  filters,  tran- 
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HESE  widely  used  Ratisfors  are  favored 


'  because  of  their  noiseless  operation 
and  durability  and  because  they  retain 
their  values,  and  characteristics  under 
extremes  of  temperature,  humidity  and 
climatic  changes. 

STANDARD  RANGE 

1000  ohms  to  10  megohms. 

NOISE  TESTED 

At  slight  additional  cost,  resistors  in 
the  Standard  Range  arc  supplied  with 
each  resistor  noise  tested  to  the  follow¬ 
ing  standard:  "For  tho  eomploto  audio 
frequeocy  rougg,  rgsistors  shall  have 
less  noise  than  corresponds  to  o 
change  of  resistonce  of  1  port  in 
1.000.000." 

HIGH  VALUES 

15  megohms  to  1,000,000  meg¬ 
ohms. 
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acoustic  transducers.  Mech.inic«l 
engineers  have  begun  to  use  th< 
same  procedure  for  analyzing  th« 
action  of  mechanism.”  The  te\t  as 
sumes  on  the  part  of  the  rejider  i 
familiarity  with  the  elements  of  al 
ternating  circuit  theory  and  pliysks 
Except  for  early  sections  in  whicli 
circuit  elements  are  defined,  th« 
volume  is  rather  devoid  of  diifeien 
tial  equations  as  such.  A  large  part 
of  the  treatment  is  developed  on  the 
basis  of  steady  state  alternating  cur 
rent  theory,  making  use  of  the  cus¬ 
tomary  complex  vector  notations 
with  the  operator.  The  chapter  on 
transients  is  treated  by  the  method 
of  Heaviside’s  operational  calculiii 
and  the  required 


mathematical 
manipulations  are  therefore  large!; 
algebraic,  in  character.  It  appears 
to  this  reviewer  that  “Dynamical 
Analogies”  may  be  expected  to  serve 
two  useful  functions.  For  the  prac¬ 
tising  engineer  it  correlates  four  im¬ 
portant  dynamical  systems,  in  each 
case  showing  the  relationship  be¬ 
tween  the  elements  in  each  system. 
It  thus  makes  possible  the  solution 
of  one  kind  of  vibrating  system  in 
terms  of  a  more  familiar  dynamical 
physical  system.  Secondly,  for  the 
student,  the  volume  will  serve  as  a 
means  of  unifying  important  princi¬ 
ples  of  dynamics  which  have  prob¬ 
ably  been  learned  several  times  from 
different  points  of  view. — B.D. 
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Radio  Engineers’  Handbook 

By  F.  E.  Terman,  Professor  of  Elec¬ 
trical  Engineering,  Stanford  Univert- 

McGraw- 


ity.  1,019  pages,  price  $6, 

Hill  Book  Co. 

Dr.  Terman’s  latest  volume  is  pub¬ 
lished  at  a  particularly  appropriate 
time  and  meets,  extremely  well,  the 
current  demand  for  recent  technical 
data  in  the  radio  field.  The  volume 
chronicles  much  of  the  newer  tech¬ 
nique  developed  for  operation  of  ex¬ 
tremely  high  frequencies  (at  least, 
those  branches  of  the  topic  which 
are  not  restricted  for  reasons  of 
military  secrecy)  and  this  gives  the 
volume  an  air  of  crisp  modernity 


Vital,  Intayol  pofH  •!  mm  of  Iho  moti  impoftanf  fvnctiom  of  Iho  AfmoV 
Foro>— IhoM  oloctronk  cofnpononh  oro  onginoofod  to  moot  ovory 
rogulionMiif  for  accuracy  and  porformonco.  Upon  Hmm  loodt,  ba<o« 
and  caps,  dopond  fho  oSIcioncy  of  onfiro  coaHnunkalions  tystams, 
Radar,  control  nMchonitms,  novigolion  insIrvnMnIs  and  dovicos,  otc. 
Tho  woohli  of  oxporionco  proviously  goinod  ovm  too  yoort  it  standing 
tho  OANia  KONOAKJIAN  organiiation  in  good  stood  now  wlwn  it  is 
noodod  most.  Tomorrow,  Hw  crofts  Uortwd  today  will  bo  of  ocptal 
importoncs  in  tho  adjustmont  and  roconstruction  of  poocotimo  practkot. 
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^ievement  for  any  one  man,  partic- 
liarly  in  standards  of  organization, 
Section  of  material,  and  method  of 
.r^ntation. 

The  volume  is  divided  into  thir- 
»en  separate  sections  as  follows: 

1)  Tables,  Mathematical  Relations 
jid  Units,  (2)  Circuit  Elements,  (3) 
Circuit  Theory,  (4)  Vacuum  Tubes 
jid  Electronics,  (6)  Vacuum  Tube 
Amplifiers,  (6)  Oscillators,  (7)  Mod- 
ilstion  and  Demodulation,  (8)  Power 
lupply  Systems,  (9)  Radio  Trans- 
itters  and  Receivers,  (10)  Propa- 
tion  of  Radio  Waves,  (11)  An- 
nnas,  (12)  Radio  Aids  to  Naviga- 
j  m,  and  (13)  Measurements.  An 
uthor’s  index  of  seven  pages  and  a 
bject  index  of  fifteen  pages  con- 
lude  the  volume.  As  might  be  ex- 
ted  in  a  handbook,  these  topics 
re  treated  in  a  rather  condensed, 
bbreviated  form,  with  emphasis  on 
e  significant  facts.  The  treatment 
roughout  is  intensely  practical  and 
seful  and  there  are  many  footnote 
eferences  to  the  technical  literature 
)r  those  who  require  additional 
eatment  of  a  particular  subject, 
his  volume  is  more  than  the  usual 
andbook,  for  there  is  a  distinct  air 
r  atmosphere  about  it  which  is 
omewhat  difficult  to  explain  or  de¬ 
ne.  It  seems  to  this  reviewer,  how- 
ver,  that  this  is  partially  attributed 
0  the  fact  that  the  volume  is  a  com- 
ination  reference  textbook  and 
andbook,  combined  with  a  careful 
nrvey  of  the  technical  literature  up 
at  least  the  end  of  1941. 

Topics  included  in  this  handbook 
nd  which  makes  the  volume  particu- 
rly  timely  include  a  section  on  wave 
uide.s  and  resonators  of  some  23 
ages,  the  first  treatment  of  electron 
ptics  (19  pages)  to  appear  in  a 
andbook,  a  graphical  treatment  of 
assive  and  amplifier  circuits  using 
eneralized  graphs,  a  21 -page  section 
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on  video  frequency  amplifiers,  a  14- 
page  section  on  ultrahigh  frequency 
oscillators,  10  pages  of  frequency 
modulation,  sections  on  f-m  trans¬ 
mitters  and  receivers,  a  section  of  al¬ 
most  100  pages^^on  the  propagation  of 
radio  waves  and  containing  a  great 
many  references,  a  section  of  some  j 
16  pages  on  antennas  with  horns  and  ! 
parabolic  radiators  in  the  chapter  on 
antennas,  9  pages  on  wideband  and 
television  antennas,  and  an  unusually 
extensive  author’s  index. 

With  the  appearance  of  Dr.  Ter- 
man’s  handbook,  it  would  appear  that 
the  communication  engineer,  and  the 
radio  engineer  in  particular,  is  well 
supplied  with  reference  handbooks.  | 
The  first  of  these  to  appear  was  “The 
Radio  Engineering  Handbook’’, 
edited  by  Keith  Henney,  while  Vol.  5, 
“Electrical  Communication  and  Elec¬ 
tronics’’,  and  edited  by  Pender  and 
Mclllwain  represented  the  Wiley  con¬ 
tribution  to  this  important  field  of 
electrical  engineering.  Four  or  five 
sections  in  “Standard  Handbook  for 
Electrical  Engineers’’,  will  likewise  ! 
be  of  interest  to  the  communication 
and  radio  engineer,  although  this 
volume  is  not  directed  specifically  to 
his  needs.  The  accompanying  tabu¬ 
lation  will  show  the  relative  space  de-  | 
voted  to  topics  which  may  be  found  ! 
in  the  three  communications  hand¬ 
books  currently  available.  It  should 
be  pointed  out  that  the  volume  by 
Pender  and  Mclllwain  is  intended  to 
cover  the  general  field  of  communi¬ 
cation  and  therefore  contains  sec¬ 
tions  on  wire  communication  systems 
which  the  volumes  by  Henney  and 
Terman  omit 

A  few  misspelled  words  occur  here 
and  there  (as  is  bound  to  happen  in 
any  undertaking  of  this  magnitude 
and  produced  under  present  circum¬ 
stances  of  book  publishing)  and  the 
table  of  physical  properties  of  elec- 
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h  •  If  you  are  an  engi- 

branch  of 

ii  communications  work 

**”'  mTiL.  — in  a  radio  plant  pro- 
..  ducing  UHF  apparatus, 
in  a  radio  or  electronics 
research  laboratory,  HYPER  AND 
ULTRA-HIGH  FREQUENCY  ENGL 
NEERING  will  give  you  the  basic 
dieory  and  its  present-day  application 
to  radio,  electronics,  ultra-high  fre¬ 
quencies,  and  microwaves. 

Specifically,  the  wide  range  of  topics 
in  "Sarbacher  and  Edson”  includes  an 
introduction  to  mathematical  and 
physical  concepts  necessary  for  a  com¬ 
prehensive  understanding  of  micro- 
wave  and  ultra-short  wave  transmis¬ 
sion.  Elementary  electromagnetic  field 
I  theory,  both  static  and  dynamic,  is 
I  reviewed.  The  derivation  and  ap¬ 
plication  of  field  equations  is  fully 
explained. 

Performance  of  transmission  lines  of 
both  conventional  and  hollow  form 
is  discussed  in  terms  of  circuit  tnd 
field  theory.  Operation  of  the  more 
important  forms  of  hyper-frequency 
generators  is  covered.  In  fact,  all 
phases  of  hyper-frequency  engineering 
— including  generation,  transmission 
and  radiation  of  these  quasi-optical 
waves — are  discussed,  as  critics  phrase 
it,  for  the  first  time  in  adequate  detail. 

"Sarbacher  an.l  Edson"  brings  you 
those  unchanging  fundamentals  essen¬ 
tial  to  an  understanding  of  mew 
communications  developments  to¬ 
gether  with  the  latest  VHP  engineer¬ 
ing  data  permitted  to  be  released  at 
this  time.  Send  for  your  copy  today. 

I  644  Pag«t  SVa  x  3  . .  $5.50 


. ON  APPROVAL  COUPON . 

JOHN  WILEY  a  SONS.  INC.. 

440  Fourth  Avonuo,  New  York  16.  N.  Y. 

PlfOse  send  me  a  oopy  of  S•rb»cher-E(t'^)n's 
HVPER  AND  ULTKA-HIQH  FREQUENCY  EN¬ 
GINEERING  on  ten  dan'  approval.  At  the  end 
of  that  time,  if  I  decide  to  keep  the  book.  I  will 
remit  S5.o0  plus  postage;  otherwise  I  wUl  return 
the  hook  isi.tpaid. 
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trons.  and  ions  is  taken  from  Birge’s 
1929  values  rather  than  his  latest 
compilation  of  1940.  But  whatever 
defects  Dr.  Terman’s  book  may  have 
are  so  minor  compared  to  its  ust  ful¬ 
ness  that  they  may  well  be  over¬ 
looked.  This  reviewer  has  found 
“The  Radio  Engineers’  Handbook”  a 
stimulating  source  of  general  text 
reading  providing  an  accurate,  com¬ 
prehensive  survey  of  technical  lit'^ta- 
ture,  but  after  all,  a  handbook  is 
primarily  intended  for  reference 
work  and,  in  the  few  weeks  in  which 
this  volume  has  appeared,  this  re¬ 
viewer  has  yet  to  observe  omissions 
of  material  which  might  be  expected 
to  be  included  in  a  handbook  for 
radio  engineers. 

All  told,  Dr.  Terman’s  latest  vol¬ 
ume  will  be  an  exceedingly  useful 
and  valuable  contribution  to  the 
bookshelf  of  the  professional  radio 
engineer. — B.D. 
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Basic  Electricity  for 
Communications 

By  WiLUAM  H.  Timbie,  Maaaachu- 
8ett»  Institute  of  Technology.  19JIS. 
600  pages,  price,  $S.S0.  H.  John  Wiley 
&  Sons,  Inc. 

It  has  become  a  sort  of  habit  re¬ 
cently  to  label  books  as  “first”  in  a 
held,  meaning  a  book  which  is  to  be 
tackled  before  all  others  because  of 
its  simplicity  and  basic  nature.  Al¬ 
though  this  recent  book  of  Professor 
Timbie  is  not  so  labeled,  it  is  indeed 
a  “first”  book.  The  style  follows  that 
Elements  of 
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of  his  very  successful 
Electricity”  of  which  this  reviewer 
became  an  enthusiastic  booster  years 
ago. 

The  material  consists  of  text  in 
'facts  and  theories  are  pre- 


which 

sented  in  simple  direct  statements,” 
examples  and  solutions  of  problems 
involving  the  apapratus,  many  prob¬ 
lems  for  the  reader  to  work  out,  sum¬ 
maries  at  the  end  of  each  chapter, 
and  finally  an  appendix  with  wire 
tables,  temperature  coefficients,  lo¬ 
garithms,  etc. 

The  chapter  headings  give  no  pic¬ 
ture  of  the  way  in  which  this  elemen¬ 
tary  text  differs  from  other  texts, 
the  headings  must  invariably 
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Stamped,  Formed,  and  Cast;  Chrome,  Tung- 
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since 

be  Ohm’s  law,  batteries,  magnets,  in 
ductance,  capacitance,  alternating 
tubes,  etc.,  bul 


currents, 
once  one 

can  see  that  the  author  has  a  highly- 
developed  faculty  for  making  things 
simple,  easy  to  understand,  difficult 
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to  forget.  The  problems  are  practi¬ 
cal,  they  give  a  sense  of  values,  they 
teach  as  much  as  the  text.  Some  of 
the  finest  material  on  Thevenin's 
theorem  this  reviewer  has  seen  will 
be  found  in  this  book. 

A  “first”  book  in  more  than  one 
meaning  of  the  term. — K.H. 
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Principles  and  Practice  of 
Radio  Servicing 

By  H.  J.  Hicks,  MeGraw-HUl  Book  Co., 
Inc.,  New  York,  Second  Edition,  19 US, 
391  pages,  price  $S.50. 

Much  new  material  on  signal 
tracing,  frequency  modulation  and 
antennas  has  been  added  in  this  sec¬ 
ond  edition,  and  a  great  deal  of  the 
original  material  has  been  revised  to 
bring  it  up  to  date  as  a  text  for  radio 
servicemen.  Fundamental  principles 
are  explained  with  a  minimum  of 
mathematics,  practical  applications 
to  receiver  circuits  are  taken  up, 
and  definite  instructions  are  given 
for  carrying  out  service  procedures. 
There  are  many  more  illustrations 
than  in  the  first  edition,  including 
excellent  halftones  showing  construc¬ 
tional  details  of  radio  parts. — j.m. 


A  Course  in  Powder 
Metallurgy 

By  Walter  J.  Baeza,  President  of  In¬ 
dustrial  Research  Co.  Reinhold  Pub. 
Corp.,  New  York  City,  19 US.  2 IS  pages. 
Price  $3.50. 

The  Production  of  tungsten  fila¬ 
ments,  Alnico  permanent  magnets 
and  both  a-f  and  r-f  transformer 
cores  by  compressing  metals  or  alloys 
in  powdered  form  to  the  desired 
shape,  then  processing  at  a  tempera¬ 
ture  well  below  the  fusion  point  of 
the  product,  constitutes  powder 
metallurgy  as  applied  to  electronic 
devices.  Although  many  recent  de¬ 
velopments  in  this  field  are  military 
secrets,  it  can  be  said  that  the  low 
weight  of  portable  Signal  Corps 
radio  equipment  is  largely  due  to 
the  use  of  powdered  cores  for  trans¬ 
formers.  Applications  in  other  fields 
are  almost  limitless,  including  such 
diversified  products  as  oilless  bear¬ 
ings,  cemented  carbide  cutting  tools, 
molded  gears,  copper-graphite 
brushes,  welding  electrodes,  etc. 

This  book  is  intended  primarily  to 
meet  the  needs  of  those  who  must 
acquire  a  detailed  theoretical  as  well 
as  practical  knowledge  of  the  sub- 
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ject  in  order  to  promote  the  war 
effort.  The  first  90  pages  cover  his¬ 
tory  and  modern  developments,  pro¬ 
duction  of  metal  powders,  powder 
specifications,  cohesion,  manufactur¬ 
ing  problems,  and  machines.  The 
remainder  of  the  book  is  in  effect  a 
laboratory  manual  for  college  stud¬ 
ents  taking  a  course  in  powder 
metallurgy,  giving  instructions  for 
setting  up  the  course,  general  in¬ 
structions  to  students,  and  details 
for  performing  15  experiments. 

A  well-written,  well-printed  book, 
recommended  to  electronic  engineers 
and  any  others  desiring  up-to-date 
information  on  a  subject  that  may 
well  play  an  important  part  in  post¬ 
war  planning. — j.m. 


Practical  radio 
theory  and 
fundamentals 


This  book  provides  a  short  course  in  iht 
fundamentals  basic  to  radio  repair,  servicf 
and  maintenance,  for  men  preparin);  for 
radio  work  in  the  armed  forces  or  for 
reference  use  by  practical  operators.  Tht 
book  condenses  radio  fundamentals,  em¬ 
ploys  a  clear,  elementary  treatment,  and 
closely  parallels  the  courses  of  study  of 
radio  schools  in  the  Army  and  Navy, 
forming  a  manual  especially  adapted  to 


Electronic  Control  of 
Resistance  Welding 

By  George  M.  Chute,  McGraw-Hill 
Book  Co.  19^S.  890  pages,  price,  $4.00. 

The  author  of  this  useful  book  is 
an  application  engineer  for  General 
Electric,  stationed  in  Detroit.  For 
many  months  before  this  book  was 
written  and  published  he  was  in¬ 
structing  men  in  the  use  of  resis¬ 
tance  welding  machines,  and  in  how 
to  maintain  them  in  service.  In  this 
manner  he  learned  what  men  needed 
to  know  about  the  subject.  The  book, 
therefore,  is  written  in  the  down-to- 
earth  easy  style  that  distinguishes 
the  practical  man  from  the  theorist. 

After  a  preliminary  description,  in 
homely  language,  of  alternating  cur¬ 
rents,  fuses,  volts,  amperes,  etc.,  the 
ignitron  contactor  is  torn  apart  and 
described;  then  follows  its  installa¬ 
tion  and  how  to  keep  it  working. 
The  question  of  proper  loading  for 
ignitrons,  proper  measuring  instru¬ 
ments,  such  as  the  cathode-ray  oscil¬ 
loscope,  methods  of  measuring  weld¬ 
ing  time,  and  time  delay  relays  are 
taken  up. 

Following  chapters  deal  with  the 
thyratron  tube  and  its  manner  of 
operation,  automatic  weld  timers, 
pulsation  welding,  synchronous  tim¬ 
ing,  locating  trouble,  energy  storage 
systems.  Descriptions  of  welding  ap¬ 
paratus  (made  by  several  manufac¬ 
turers)  are  included,  and  in  each  case 
the  reader  is  well  tutored  in  the 
method  of  operation. 

This  should  be  an  excellent  book 
for  anyone  having  the  job  of  main¬ 
taining  in  operation  welders  with 
electronic  control. — k.h. 
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Strictly  a  “war  meter"  worthy  of  a  "war  job"  . .  and 
that  meant  ift  worthy  of  ANY  job.  A  meter  that 
meett  Army  ttandardi  hat  to  bo  qood.  Supreme 
Tettinq  Inttrumentt  incorporatinq  Supreme-built 
metert  will  be  more  durable,  more  dependable, 
more  accurate  than  ever. 


•  It  reviews  the  mathematics  tiseful  in  radio 
studies 

•  Covers  measuring  instruments,  sonic  wave 
behavior,  and  other  subjects  rounding  out  a  prac¬ 
tical  basic  treatment  of  radio 

•  Plainly  written^  and  geared  to  quick-trainint 


needs,  the  book  will  be  of  value  both  to  prospec 
live  and  practicing  radio  operators  and  esp^iallr 
tn  men  aiming  for  this  field  of  armed  service 

Chapters 

1.  Mathematies  Necessary  for  Elementary  Radio 

2.  Cemmen  Radio  Practices 
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4.  The  Study  of  Vacuum  Tuhos 

5.  The  Study  of  Eloetrical  Circuits 
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10.  Transmission  of  Intellitence  throuah  Space 

11.  The  Study  of  Rocoivor  Circuits 

12.  Tho  Study  of  Measurinf  Instruments 

13.  The  Ptuuy  H  Sonic  Wave  Behavior 
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has  a  large  stock  of  Record 
Changer  Parts.  Also  replace¬ 
ment  parts  for  all  FADA 
MODELS  as  well  as  a  com¬ 
pletely  equipped  SERVICE 
DEPARTMENT. 
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Backtalk 


This  department  is  oper¬ 
ated  as  an  opra  forum 
where  our  reada-s  may 
discuss  problems  of  the 
electronic  industry  or 
comment  on  articles 
which  ELECTRONICS 

has  published 


adaptation  of  BAER  vwl- 
caniiod  fibr#  and  phonol 
fibro  parti  for  Army,  Navy 
and  Air  Corpi  wio,  ii  proof  of  tho  pro- 
cition  and  skill  of  workmanship  ombodiod 
in  ooch.  BAER  llbrsf  fabrications  aro 
stampod,  drillod,  pwnchod,  sawod  and 
mochinod  to  moot  tho  most  critical  ro- 
t  qwiromonts — vulconisod  flbro  for  high 
di-oloctrical  strength,  toughness  and 
shock  resistance;  phenol  fibre  for  the 
.  odded  foctor  of  low  moisture  ab- 

sorption.  Send  for  your  copy  of 
Data  Bulletin  120. 


Incentiye  to  Invent 

In  his  letter  in  August  Electron¬ 
ics,  Mr.  Eugene  Mittelmann,  Consult¬ 
ing  Engineer,  questions  the  profit 
incentive  as  being  responsible  for 
most  inventions.  do  not  think  that 
in  modern  times  any  important  in¬ 
vention  was  made  or  initiated  be¬ 
cause  the  man  who  invented  it  set 
out  to  make  an  invention  in  order  to 
make  money.” 

Admitting  that  an  inventor  can’t 
help  inventing,  any  more  than  a 
composer  can  help  writing  music, 
nevertheless  the  underlying  incentive 
to  patent,  develop  and  perfect  his 
invention,  is  usually  one  of  personal 
financial  profit.  True,  in  today’s 
large  industrial  laboratories  this  in¬ 
centive,  regrettably,  is  no  longer  an 
immediate  cash  reward  or  bonus 
from  his  employer  (doubtless  there 
would  be  far  more  inventions  made 
were  such  talent  adequately  re¬ 
warded).  None  the  less  the  em¬ 
ployee  does  confidently  expect  ad¬ 
vancement,  in  position  and  salary,  if 
he  turns  in  one  or  several  worth¬ 
while  inventions.  And  the  independ¬ 
ent  inventor  almost  invariably  seeks 
to  protect  his  idea  by  patent,  chiefly 
with  the  hope  of  reaping  adequate 
financial  reward.  I  certainly  did  this 
when  I  toiled  three  years  to  arrive 
at  the  3-Electrode  Tube  and  Ampli¬ 
fier,  and  Mr.  Mittelmann  will  hardly 
class  these  as  not 
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formers  for  electronic 
devices.  Our  engineers 
wiU  be  glad  to  consult 
witb  you. 

Write  Us  As  to  Tour  Pratieular  Sequiremeats 


important”  in¬ 
ventions. 

The  profit  motive  is  just  as  inher¬ 
ent  and  compelling  with  inventors 
as  with  business  men,  professional 
men,  speculators,  or  the  writers  of 
“best  sellers”  or  song  hits.  And  any 
politics — inspired  attempt  or  tend¬ 
ency  to  lessen  this  incentive,  or  to 
deny  to  the  inventor  his  just  and 
generous  tribute  from  a  benefitting 
society  is  wholly  socialistic  and  anti¬ 
social. 


DONGAN 


Tka  Ooogon  Unc  Since  1909' 


November  1943  —  ELECTRONICS 


SIGMUND  COHN  &  CO 

44  GOLD  ST.  ^  NEW  YORK 
o  SINCE  1901 


1  most  earnestly  hope  that  all  ill- 
advised  and  hastily  concocted  at¬ 
tempts  in  Washington,  or  elsewhere, 
to  weaken  our  American  patent  sys¬ 
tem  at  the  cost  of  American  in¬ 
ventors  may  be  effectively  throttled 
before  more,  and  irretrievable,  in¬ 
justice  and  damage  has  been  done  to 
that  class  of  citizens  to  which,  more 
than  to  any  single  others,  this  Na¬ 
tion  owes  its  magnificent  stature, 
the  American  Inventor. 

Lee  de  Forest 


WITH 


BLUEPRINTS 


AND  WITHOUT 


V  The  bird  of  nature  is  a  crea- 
M  tion  without  blueprints.  The 
'jM  bird  of  man  springs  from  his 
9  mind  and  hand  as  he  works 
^  at  the  drawing  board  with 
pencils.  The  best  drawing 
pencil  is  none  too  good  for 
^  this  work.  We  believe  we 
9  furnish  that  indispensable 
■  part  in  Dixon’s  Typhonite 
ELDORADO  drawing 
9  pencils. 

•j  Pencil  Sales  Department  59-Jl  1 

w  Joseph  Dixon  Crucible  Co. 

*  jersey  City,  N.  j. 

TYPHONITE 

ELDORADO 


Patent  System 

Your  correspondent,  Mr.  Eugene 
Mittelmann,  whose  letter  you  pub¬ 
lished  in  August  Electronics,  has 
got  hold  of  an  important  truth  about 
the  working  of  our  patent  system, 
but  he  seems  to  have  been  “too  close 
to  the  trees  to  see  the  forest”. 

Inventors  are  not  stimulated  to  in¬ 
vent  by  incentive — invention  is  a 
habit  of  mind  plus  an  innate  genius 
which  leads  one  to  see  a  problem  as  a 
challenge  and  to  find  its  solution  by 
unorthodox  means.  The  conception 
of  inventions  is  irrepressible  90  long 
as  we  have  inventors,  but  the  de- 

{Continued  on  page  348) 


Complete  equipment  and  staii 
oi  specialists  for  the  continuous 
electroplating  of  fine  wire.  We 
can  now  plate  a  wide  range  of 
metals  either  on  your  own  wire 
or  on  wire  supplied  by  us  .  .  . 

Your  inquiry  is  invited 


POSITIONS  VACANT 


Electrical  Instnnents  Wanted,  new  or  used 


BUECTRONIC  TUBE  ENGINEERS,  ctrcutt 
enKineers  for  ▼Ital  defense  work  wanted.  Ex¬ 
cellent  postwar  opportunity  with  outstanding 
company.  Reply  to  P-669,  Electronics,  520  N. 
Michigan  AVe.,  Chicago  11,  Ill. 


Dscads  Coadsnsor.  1  mfd  or  higher  max., 
in  0.001  mfd  stops 

ProdsloB  Oocado  Rosistonco  Boxes,  100 
ohms  or  higher,  ia  steps  of  0.1  ohm 
Predsioa  Decode  Resistaaee  Boxes,  1000 
ohais  or  higher,  ia  steps  of  0.1  ohm 
Precisioa  Decade  Resistaaee  Boxes,  10,000 
ohats  or  higher,  ia  steps  of  0.1  ohm 
Precisioa  Fixed  Mica  Coadeaser,  betweea 
0.1  mfd  aad  1.0  mfd. 

Megohm  Bridge,  Geaeral  Radio  Type  S44-B 
Impedaaee  Bridge,  Geaeral  Radio  Type 
BSO-A 

lasulotioa  Resistaaee  Test  Set,  SeasitiTO  to 
1012  ohBM 

VibrotioB  GalToaometer.  SO  or  1000  cycles 
0  Meter 


Reflectiag  GaWaaometer,  high  seasitiTity 
Type  K.  Poteatiometer  oad  GalToao¬ 
meter 

Portable  Precisioa  Voltmeters,  30  to  SOO 
VJi.C.  Ranges 

Portoble  Precisioa  Voltmeters,  IQ  to  600 
VJ>.C.  Ranges 

Portable  Precision  Millioauneters,  1  to  500 
ma.  D.C  Ranges 

Portable  PredsioB  MUlianuneters,  10  to  100 
mo.  A.C.  Ranges 

PortcAle  Precision  Ammeter.  10  to  20  amp. 
A.C.  Ranges 

Panel  Precisioa  Voltmeter,  1000  to  2000 
VJI.C.  Roages 

Panel  Precisioa  Voltmeter.  1000  V.D.C. 
Ranges 

(»iv«  iiied«l,  eoaditioM  a«d  price 
ftesearcb  Departmeet 

Peter  J.  Schweitzer  Inc.,  Spotswood,  N.  J. 


YOUNG  ELECTRICAL.  ENGINEER  for  design 
and  experimental  testa  on  electrical  device# 
such  as  Switches.  Circuit  Breakers  and  Motor 
Control  Apparatus.  P-670.  Electronics.  SSO  W. 
42nd  St..  New  York  IS,  N.  Y. 


YOUNG  ELECTRICAL  ENGINEER  with  ex¬ 
perience  In  design  of  electronic  devices  for 
control  of  motors  and  machine  tools.  P-571. 
Electronics.  330  W.  42nd  St.,  New  York  18.  N.  Y. 


YOUNG  WOMAN  for  engineering  work  on  elec¬ 
trical  apparatus.  Should  be  college  graduate 
with  some  training  In  Electronics.  P-672.  Elec 
tronics,  330  W.  42nd  St.,  New  York  18.  N.  Y. 


FOR  OLD  ESTABLISHED  FIRM  located  In 
Conn.  Please  submit  complete  history  and 
photograph.  Salary  open  to  discussion.  P-573. 
Electronics.  330  W.  42nd  St.,  New  York  18.  N.  Y 


POSITION  WANTED 


ENGINEER-PHYSICIST  desires  position  In 
charge  of  research  or  development.  Ten  years 
of  radio  and  electrical  engineering  experience 
in  electronic  appllcationa  radio,  relay  control 
circuits,  transformers,  magnetic  devices,  acous¬ 
tics,  high  voltage.  Industrial  control,  UHF. 
etc.  Theoretically  and  mathematically  Inclined. 
Possess  patent,  inventiona  and  technical 
artlclea  Salary  desired,  19,000.  Age,  34  years; 
German  descent:  Protestant.  Organizations  in¬ 
terested  only  in  accumulating  surplus  engineers 
via  cost  plus  need  not  answer  this  ad.  PW-674, 
Electronics.  520  N.  Michigan  Ave.,  Chicago  11, 
III. 


FOR  SALE 

AMPLIFIER  AND  MICROPHONES 

IsffenoB  sixtT  watt  amplifier.  Shure  and 
Universal  Microphoaes  exeelleat  condition. 
Attractively  priced. 

THE  WICKS  ORGAN  COMPANY 
Hlghload,  llliiwis 


REBUILDERS  OF 
RADIO  TRANSMiniNG  TUBES 


Let  Us  Help  You 
Solve  Your  Tube  Problems 


BEST  QUALITY,  USED 
ELECTRON  TUBE  MACHINERY 

Kqulpment  for  the  manufseture  of  all  kinds  of 
electron  tubes,  radio  tubes,  incandescent  lampe. 
neon  tubes,  photo  slsctric  cells.  X-ray  tubes,  ate. 

ANERICAN  ELECTRICAL  SALES  CO..  INC. 

45-47  East  Mh  St.  New  Yorii,  N.  Y. 


BUSINESS  OPPORTUNITY 


POST-WAR  PRODUCT:  Individual  consulting 
engineer  In  electronics  has  developed  new 
product  in  field  of  home-entertainment  and 
business  machines  with  excellent  present  and 
post-war  market  seeks  manufacturer  of  elec¬ 
tronic  equipment.  Royalty  basis  preferred. 
BO-575,  Electronics,  520  N  Michigan  Ave., 
Chicago  li.  Ill, 


611  Baroaae  St.  New  Orleans,  La. 


ADDITIONAL  EMPLOYMENT  ADVERTISIN6  ON  PA6ES  344  AND  345 


KLECTRONICS  —  Noecmfcer  1943 


®  SEARCHLIGHT  SECTION  ^ 


344 


Niwember  1943  —  ELECTRONICS 


We  Need 

Postwar  Engineers 

Now! 


This  componr,  whil*  continuing  its 
•xtonsiTS  wear  program  unabatod,  is  sx- 
ponding  its  Enginooring  Dspartmsnt  in 
aeeordaneo  with  a  substantial  post-war 
product  dsTslopmsnt  program.  Trained 
I  men,  by  rirtus  oi  education  and/or 
sxpsrisncs,  or#  nssdsd  in  tbs  Tost, 
Msthods  and  DsTslopmsnt  Englnssrina 
I  DiTisions.  Special  emphasis  is  placed 
on  the  need  for  experienced  men  with 
a  fledr  for  design  and  dsTelopment  work 
in  the  fields  oi  electronic  and 
mechanical  engineering,  porticularlT  in 
eoniunetion  with  automatic  control 
equipment.  Prerious  experience  with 
heating,  Tentilotiong,  air  conditioning 
and  reirigerotion  butailotion  is  de¬ 
sirable,  but  not  necessoTT. 

Engineers,  with  on  eye  to  the  future 
and  who  ore  not  now  engaged  in  essential 
industry,  should  apply  by  moil  enclos¬ 
ing  photo  or  recent  snap-shot  if 
possible. 

Applicants  should  giee  complete  edu¬ 
cational  background,  age,  fairly  status, 
experience,  names  of  companies  for  whom 
worked  and  salary  receiTed  in  each  po¬ 
sition.  Giro  complete  information  con¬ 
cerning  draft  status  and  present  work 

If  application  appears  to  fill  re¬ 
quirements,  arrangements  will  be  made 
for  personal  interriew.  Write 
ExecutiTe  Engineer. 


MINNEAPOLIS-HONEYWELL 
REGULATOR  CO. 

Minneapolis  t,  Minnesota 


WANTED 

ELECTRONICS  SPECIALIST 

Sreferobly  a  recent  graduate,  with  a 
aowledge  of  fundamental  circuit  theory 
and  practical  experience  in  electronics  for 
dsTelopment  of  control  dsTices  and  serr- 
icing  of  electronics  equipment.  Permanent 
position  for  qualified  person.  Those  em¬ 
ployed  in  essential  industry  and  using 
I  the&  highest  skill  should  not  apply. 


Employment  Office,  must  be  furnished 
before  final  employment. 

Personnel  Deportment 

HERCULES  POWDER  COMPANY 
Wilmiagto*.  Delaware 


WANTED 

ELECTRICAL  I 
COMMUNICATIONS  ! 
ENGINEER 

Boston  manufacturer  seeks  an  electrical  I 
communications  engineer  over  30  years  | 
old  with  equipment  manufacturing  and  de-  1 
sign  experience.  | 

To  build  now  for  a  post  war  future.  I 
Electronic  background  desirable  but  not  | 
necessary.  | 

Shlary  arranged.  | 

Telephone  Kenmore  1472  for  appointment.  I 
Out  of  town,  write  SUTHERLAND- ABBOTT,  | 
234  Qarendon  Street,  Boston,  Massa-  I 
chusetts.  I 

Our  staff  knows  of  this  advertisement.  i 


W«sf  Coost  Radio-Electronic  Monufoctvrer  Wants 

SALES  MANAGER 

with  the  ability  and  experience  to  serve  os  assistant 
to  the  president 

Old  ostablishod  firm  working  on  important  war  contracts  wants  a  high 
calibra  salas  managar  with  axacutiva  ability,  practical  alactronic  knowl- 
adga  and  a  racord  of  accomplishmant  in  product  davalopmant.  This 
man  will  ba  givan  full  rasponsibility  and  can  count  on  tha  cooparation 
of  an  unusually  abla  staff  of  anginaars  and  tachnicians.  Must  ba  abla 
to  handia  and  contributa  to  tha  davalopmant  of  prasant  contracts  and 
hava  tha  capacity  to  assist  in  planning  tha  company's  post  war  aetivi-. 
tias.  Tha  position  is  parmanant  and,  dua  to  particular  circumstancas, 
offars  an  attractiva  futura  to  a  man  with  tha  tact,  initiative  and  ability 
to  inspire  tha  confidence  of  tha  organization.  Services  must  ba  avail* 
abla  now  or  In  tha  near  futura.  Sand  photograph  with  a  complata  out* 
lino  of  qualifications  and  accomplishments.  Applications  held  la 
strictest  confidence.  Our  own  organization  has  bean  informed  of  this 
advartisamant.  Write  Boi  . 


8W*668,  Electronics 
ISO  W.  4Snd  St.,  New  York,  N.  T. 


SALES  ENGINEER 

Exceptional  Opportunity 

Are  you  inlerasled  in  o  permanent  position 
with  on  excellent  future?  Are  you  quali¬ 
fied  for  a  salary  of  $5,000  a  year  or  more? 
Do  you  want  to  opplT  yourself  in  essential 
war  work? 

If  you  ore  on  electricol  engineer,  have 
had  experience  in  radio  or  high  frequency 
work  and  hove  done  some  selling,  we 
hove  on  exceptional  opportunity  to  offer. 
The  duties  of  this  position  include  direct 
sales  contact  with  industrial  plants  doing 
war  work  and  helping  them  in  solving 
application  engineering  problems  in  the 
field  oi  high  frequency  electrostatic  heert- 
Ing. 

This  request  is  urgent  and  quick  action  on 
your  port  is  important.  Reply  by  mail 
only,  giving  full  details  including  age, 
education  and  experience  and  availability. 

8W-667,  Electronics 

520  No.  Michigan  Ave.,  Chicago  11.  Ill. 


WANTED  . 

ENGINEERS— BECTRICAL 

With  experience  on  small  motor-driven 
appliances  or  small  motors 
or 

Experience  in  electronics  os  applied  to 
small  industrial  accessories. 

Excellent  opportunity  to  Join  growing 
organisation  do'ng  essential  war  work  in 
oircr&ft  and  having  good  postwar  pros¬ 
pects 

Location  northern  Ohio. 

Certificate  oi  availability  required. 

Our  employees  know  about  this  advertise¬ 
ment. 

P-576,  Electronics 

520  No.  Michigan  Ave.,  Chicago  11.  III. 


WANTED 

I  Electrical  or 
I  Chemical  Engineer 

S  thoroughly  versed  in  the  theory  of 
liquid  and  solid  dielectrics  for  the  posi¬ 
tion  oi  chief  engineer.  To  direct  the 
research,  development  and  genarol 
I  laboratory  on  capacitors  and  capacitor 
opplications.  This  is  on  unusual  op¬ 
portunity  for  a  copoble  engineer  inter- 
I  ested  in  his  present  and  postwar  future. 

i  iRdistrial  Condeoser  Corp. 

I  1725  W.  North  Ava..  Chicago,  III. 

r~* Dictionary  of  Radio  Terminology  in 
I  English,  German,  French  and  Russian 
I  Languages  by  A.  S.  Litvinenko.  560 
I  Pages,  I^blished  in  Moscow,  U.S.S.R., 
1  Price,  $5.00 

FOUR  CORTIRENT  ROOK  CORPORATIOH 
I  253  Fifth  Aveaee  New  Yarfc,  U.  N.  Y. 


NEW  PRODUCT 

Electronic  articU  for  poetwsr  or  now,  novor  bofore 
i  shown,  hst  tsiot  seetiblllty  of  around  SS.OOO.OOO  a 
yoar.  Will  licsnto.  sr  expand  srseont  plant,  or  form 
I  now  company. 

D.  a.  Clark,  Electronic  Bmgtaaar, 

I  Electroi  Equipneit  Corporatioi 

I  Palm  Springs,  Calif. 


Basic  electrical  and  radio  theory  in  the  simplest 
possible  language,  written  especially  for  those 
without  mathematical  or  technical  training. 

E>oz«ni  at  complete  how-to-bulld-li  dmmcrlptiotia  of 

Imany  type«  of  re<^ivinr.  transmitting,  and  tent  cquinniriit  ^ 
show  practiral  aK>licailons.  Hundred#  of  diafirrarna  an<l  | 
lante  photographs. 

I  Enlarcod  war-training  chapters  include:  expanded  imsic 
fprlndpleo,  more  test  equipment  which  can  be  field-built. 

I  and  mathematics  for  solving  simple  radio  problems. 

Over  600  paxes,  durably  clothbound,  Kold-stam)H>. 
trrom  your  favonte  dealer,  or  from  ua,  poetpald;  plea-* 
add  any  applicable  taxes. 

$2.00  in  Continental  U.8.A.  ElMwhsrs.  $2  25 


EDITORS  AND  ENGINEERS 
141t  North  Highland  Avonna.  Lou  Ai 


Y. 


iplest : 
those  I 


$2  2S 
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Hayda  Brothers  .  72 

Beinemuin  Circuit  Breaker  Co . 32A 

HeinU  &  Kaufman,  Ltd . . . .  37 

Hewlett-Packard  Co .  203 

Hickok  Electrical  Instrument  Co .  57 

Hipower  Crys^  Co .  341 

Hudson  American  Corporation . 201 

Hunter  &  Co . 190.  191 

Hytron  Corp .  45 

Indiana  Steel  Products  Co .  241 

Industrial  Condenser  Corp .  198 

bstrnment  Resistors  Co . .  346 

Instrument  Specialties  Co.,  Inc .  221 

Insniine  Corporation  of  America ....  274 

International  Nickel  Co.,  Inc . 245 

International  Resistance  Co .  153 

International  Screw  Co .  223 

International  Tel.  &  Tel.  Corp .  49 

Irviniton  Varnish  &  Insulator  Co _  9 


Jackson  Electrical  Instrument  Co....  250 

Jefferson  Electric  Co .  172 

JeUiff  Mfg.  Co .  292  . 

Jensen  Radio  Mfg.  Co .  67 

Johnson  Co.,  E.  F. .  183 

Johnson  Rubber  Co.,  The .  227 

Jones,  Howard  B . ^ .  262 

Kaar  Engineering  Co .  309 

Kahle  Engineering  Co . 341 

Kstolight  Company  . 278 

Kellogg  Switchboard  &  Supply  Co. . .  238 

Ken-Rad  Tube  &  Lamp  Corp .  259 

Kester  Solder  Co .  260 

Keuffel  &  Esser  Co .  3 

Kinney  Manufaeturing  Co .  210 

Knights  Company,  James .  74 

Kold-Hold  Mfg.  Co .  268 

KoIIsmann  Instrument  Div.  of  Square 
D  Co .  255 

Lafayette  Radio  Corp .  17 

Lampkin  Laboratories  .  341 

Lamson  &  Sessions  Co .  223 

Langevin  Company,  The . 225 

Lapp  Insulator  Co .  39 

Lectrohm.  Inc . .*.  264 

Lepel  High  Frequency  Lab’s.,  Inc...  329 

Lindsay  &  Lindsay .  157 

Lingo  &  Sons,  John  E .  339 

LitteUuse,  Inc .  270 

Locke  Insulator  Corporation .  307 

Lord  Manufacturing  Co .  199 

Macallen  Company  .  180 

Machlett  Laboratories.  Inc .  175 

MacRae’s  Blue  Book .  312 

Magnavox  Company  .  263 

Mallory  &  Co..  Inc.,  P.  R .  92 

Manufacturers  Screw  Products . 278 

Markem  Machine  Company .  276 

McGraw-Hill  Book  Co.,  Inc.. 256,  296.  340 

Measurements  Corporation  .  262 

Meissner  Mfg.  Co .  296 

Merit  Coil  &  Transformer  Corpora¬ 
tion  .  332 

Meyercord  Co..  The .  58 

Micro  Switch  Corporation .  195 

Millen  Mfg.  Co.,  Inc..  James. ..  .190,  218 
Mitchell-Rand  Insulation  Co..  Inc...  187 

Mobile  Refrigeration.  Inc .  228 

Monarch  Mfg.  Co .  338 

Muehlhausen  Spring  Corp .  82 

Murdock  Co.,  Wm.  J .  320 

Mycalex  Corp.  of  America .  65 

National  Company,  Inc .  46 

National  Screw  &  Mfg.  Co .  223 

National  Union  Radio  Corp .  12 

National  Varnished  Products  Corp...  52 

New  England  Screw  Co .  223 

New  York  Transformer  Co .  76 


Page 

North  American  Philips  Company. 

Inc . 44.  303 

Northern  Industrial  Chemical  Co _ 336 

Numberall  Stamp  &  Tool  Co .  292 

Ohmite  Mfg.  Co .  193 

Onan  &  Sons,  D.  W .  324 

O’Neil-Irwin  Mfg.  Co . . . 312 

Oster  Mfg.  Co.  of  Hlinois.  John .  22 

Palnut  Company  . 254 

Panelyte  Div.  of  St.  Regis  Paper  Co.  81 

Parker  Co.,  Charles .  223 

Paiker-Kalon  Corp . 40,  223 

Par-Metal  Products  Corporation . 268 

Pawtucket  Screw  Co . 223 

Peerless  Electrical  Products  Co . 328 

Permoflux  Corporation  . 219 

Pheoll  Mfg.  Co .  223 

Philco  Corporation  .  60 

Phillips  Screw  Manufacturers .  223 

Picker  X-Ray  Corporation .  29 

Pioneer  Gen-E-Motor  Corp .  240 

Hax  Corporation  . 281 

Potter  &  Brumfield .  327 

Powers  EHectronic  &  Communication 

Co.  .  305 

Precision  Resistor  Co .  266 

Premier  Metal  Etching  Co . 270 

Press  Wireless,  Inc . 179 

Presto  Recording  Corporation .  178 

Pyroferric  Co . 272 

Quaker  City  Gear  Works . 230 

Quartz  Lahnralories  .  38 

Radell  Corporation  .  324 

Radex  Corporation  . 232 

Radio  City  Products  Co.,  Inc .  313 

Radio  Corp.  of  America,  Victor  Div. 

163,  181,  231,  Back  Cover 

Radio  Craftsman  .  186 

Radio  Receptor  Co.,  Inc .  19 

Radio  Wire  Television,  Inc .  300 

Ranland  Corp.,  The .  28 

Raytheon  Mfg.  Co . 54,  321 

RCA  Laboratories  .  197 

Remler  Co.,  Ltd .  164 

Richardson  Company  .  220 

Rockbestos  Products  Corp .  215 

Roebling’s  Sons  Co.,  John  A .  27 

Rogan  Brothers  .  326 

Rola  Company,  Inc.,  The .  315 

Russell,  Burdsall  &  Ward  Bolt  &  Not 
Co .  223 

“S”  Corrugated  Quenched  Gap  Co...  275 

Scheer  Co.,  Inc.,  George .  288 

Scientific  Radio  Products  Co .  165 

Scovill  Mfg.  Co .  223 

Scovill  Mfg.  Co.,  Waterville  Screw 

Products  Div .  161 

Seeburg  Corporation,  J.  P . 279 

Sentinel  Radio  Corporation . 306 

Shakeproof  Lock  Washer  Co .  223 

Shallcross  Mfg.  Co .  248 

Sherron  Metallic  Corp .  285 

Shoe  Form  Co.,  Inc . 272 

Shore  Brothers  .  155 

Sickles  Company,  F.  W .  299 

Sigma  Instruments,  Inc . 318 

Simpson  Electric  Co . 237 

Sola  Electric  Co .  273 

Solar  Manufacturing  Corporation...  43 

Southington  Hardware  Mfg.  Co .  223 

Speer  Carbon  Co .  289 

Spencer  Thermostat  Co .  301 

Sperry  Gyroscope  Co~  Inc .  291 
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ft'/opmeja  of  these  inventive  concepts  pense  of  the  research  and  de\elop. 
into  commercial  processes  and  com-  ment,  he  would  take  the  risks  of  fail, 
mercial  products  does  not  come  with-  ure,  and  if  he  were  rewarded  by  find, 
out  an  incentive  and  reward;  and  ing  his  innovation  a  successful  solu- 
the  public  can  benefit  from  inven-  tion  of  the  problem,  he  could  have  the 
tions  only  as  they  improve,  or  lower  satisfaction  of  seeing  it  adopted  by 
the  cost  of,  the  products  which  the  his  well  established  competitors;  then 
public  buys.  he  could  write  off  his  losses  to  ex- 

Mr.  Mittelmann  cites  the  fact  that  perience.  Next  time  he  would  be  sat-' 
employees  of  industrial  laboratories  isfied  with  the  mental  pleasure  of 
solve  problems  without  incentive,  conceiving  the  invention. 

We  may  pass  over  the  question  whe-  Only  our  patent  law  has  made  it 
ther  success  in  their  chosen  field,  prudent  to  assume  the  risks  of  de¬ 
professional  invention,  is  not  the  velopment  and  innovation.  Only  our 
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and  losses  which  always  precede  sue-  duce  costs  by  search  for  unrecognized 
cess  in  research  and  development.  If  problems  and  research  for  their  solu-, 
I,  as  a  manufacturer,  undertake  to  tions. 

develop  and  apply  an  inventive  con-  Take  away  the  patent  law  and  the 
cept  of  my  own  or  of  an  employee,  I  risks  of  inaction  would  be  at  once  re- 
first  must  face  large  costs  for  experi-  nioved  while  the  risks  of  innovation 
mental  construction  and  testing  of  would  be  raised  so  that  only  fools 
samples  and  equipment.  When  I  have  would  assume  them, 
completed  the  development,  I  face 
additional  costs  to  educate  first  my 
and  production 


f€»r  ihr  effort. — 

(1.)  MUST  pcrfurni  op  to  higlieM 
slaiuiards. 

(2.)  MUST  continue  to  perform  fas 
rrapcciivc  of  climatic  ▼ariationa. 


AN  S,  SAFFORD, 
CounntUor  at  /.a«r 
.Vftf  York,  K.  T 


Thai  i»  why  AUDAX  magnetically 
powered  picku|M  are  aelected  for  war 
contracts.  In  building  pickups  under 
such  roil  tracts,  we  do  not  hare  to 
change  our  pearelinie  specifications  be¬ 
cause  such  ^1  LISTS  have  mlwtrt  been 
a  basir  requiremenl  in  AUDAX  Instru¬ 
ments. 

The  sharp  cleaii-cul  facsimile  repro¬ 
duction  of  MICItODYNE  —  regardless 
of  climatic  conditions- — is  a  marvel  to 
all  who  have  pul  it  to  the  only  lest  that 
really  coiiiils  .  .  .  the  F. AR  IICST. 


own  engineering 
staffs,  then  my  sales  and  service  per¬ 
sonnel,  and  ultimately  the  public,  to  Electronic  Recording 
the  new  product.  In  the  change-over 
I  may  render  obsolete,  expensive 
equipment  still  on  my  books  as  a  cap¬ 
ital  asset;  and  in  the  end  some  lit¬ 
tle  thing  which  everyone  has  over¬ 
looked  may  lead  the  public  to  dis¬ 
like  it;  so  that  I  am, worse  off  than 
if  I  had  never  heard  of  the  invention. 

That  is  not  imaginary — it  happens 
every  day,  and  most  of  the  best  re-  ^ 
search  directors  have  such  experi¬ 
ences. 

Why  should  any  sensible  man  take 
those  risks,  or  change  an  existing 
successful  business  if  he  can  sit  back 
and  copy  any  successful  development 
of  a  competitor?  The  inventor  would 
certainly  have  the  urge  to  solve  a 
problem  if  he  happened  to  have  the 
opportunity  to  learn  of  it;  and,  be¬ 
lieving  that  he  had  a  solution,  he 
might  have  an  urge  to  see  it  tried 
and  used,  so  he  might  start  in  busi¬ 
ness  if  he  could  find  anyone  to  put  up 
the  capital.  He  would  pay  out  the  ex- 


iN  REGARD  TO  the  “ All-Electronic 
Sound  Reproducer”  described  by  Mr. 
Parry  of  KTKN  of  Ketchikan,  Alaska 
in  Electronics  for  August,  I  should 
like  to  .say  that  I  have  been  working 
for  some  time  on  just  such  a  device. 

The  important  difference  in  my  de¬ 
sign  is  that  the  scanning  is  done  in 
concentric  continuous  circle — the 
same  type  of  track  as  found  in  the 
regular  phonograph  record.  This  type 
of  scanning  does  away  with  the  prob¬ 
lem  of  the  break  at  the  end  of  each 
line  as  in  straight  line  scanning. 

I  feel  that  there  is  a  real  need  for 
this  type  of  device  doing  away  with 
the  clumsy  and  antiquated  mechan¬ 
ical  methods  of  disc  and  moving  film 
sound  reproduction.  I  shall  be  pleased 
to  consult  with  Mr.  Parry  or  anyone 
interested  in  the  further  development 
of  “All-Electronic  Sound  Reproduc¬ 
tion”. 

Bernard  Seamon. 

WUcaaset,  Maim 


WITH  OUR  rO.MPLI!IIE!kTS 

A  copy  of  “PICKUP  FACTS”  is  yours 
for  the  asking.  It  answers  many  ques¬ 
tions  concerning  record  reproduction. 


BUY  WAR  BONDS 


AUDAK  COMPANi  Y 

500  Fifth  Ave.  New  York  City 

"Creator a  of  High  Grade  Electrical 
and  Acoustical  Apparatus  since  1915." 
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